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FOR ELECTRON TUBES — RECEIVING 

AND TRANSMITTING TUBES 



(First Revision) 



0. FOREWORD 

0.1 This Indian Standard ( First Revision ) was adopted by the Indian 
Standards Institution on 15 October 1981, after the draft finalized by the 
Electron Tubes Sectional Committee had been approved by the Electronics 
and Telecommunication Division Council, 

0,2 This standard deals v^ith the methods of measurements of the impor- 
tant characteristics of electron tubes of the receiving and transmitting 
types. 

0.3 This standard was originally published in 1967. The revision has 
been undertaken to include methods of measurements for transmitting 
tubes also, 

0.4 While preparing this standard, assistance has been derived from the 
following documents: 

ASA C 60. 15-1963 Method of testing electron tubes. American 
Standards Association. 

lEC publication 151 Measurements of the electrical properties of 
electronic tubes and valves. International Electrotechnical 
Commission. 

JSS 51500 (Part II) Test methods for electron tubes. Ministry 
of Defence. 

0.5 In reporting the result of a test made in accordance with this 
standard, if the final value, observed or calculated, is to be rounded off, it 
shall be done in accordance with IS : 2-1960*. 



♦Rules for rounding off numerical values ( revised ), 
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1. SCOPE 



!•! This standard deals with the methods of measurements of the charac- 
teristics of electron tubes of the receiving and transmitting types. 

2. TERMINOLOGY 

2.0 For the purpose of this standard, the definitions given in IS : 1885 
( Part IV/Sec 1 )-l973* shall apply. 

3. GENERAL TEST CONDITIONS 

3.1 Except when the nature of a test calls for varying or abnormal 
conditions, all tests should be made at the normal rated conditions 
specified in relevant Indian Standard or as specified by the manufacturer. 
If the manufacturer's rating is not specific, test conditions not specified 
should be selected in accordance with the best judgement of the testing 
authority and should be clearly and fully stated as a part of the test data. 
In general, measurements should be made after the tube has attained 
temperature equilibrium at the stated test conditions. 

3.2 When a filament or heater is rated in both voltage and current, the 
rated voltage should be employed in tests. When filaments or heaters are 
to be used in series, the rated current may be employed, but this condition 
of measurement is to be stated as a part of the test data. Direct current 
should be used for filament heating, except where the normal operating 
condition is with alternating current heating, in which case the use of the 
latter should be stated. When dc heating is employed, the negative 
filament terminal should be taken as the datum of potential. When ac 
heating is employed for filamentary cathode, the midpoint ( that is the 
centre tap on the filament transformer secondary, or the midpoint on a 
resistor shunting the filament ) should be taken as the datum. In the case 
of indirecdy heated equipotential cathodes, the cathode is taken as datum 
of potential. 

3.3 When measuring heater or filament voltage the voltmeter should be 
connected to the tube pins or terminals. This is of particular importance 
with large tubes in which the filament current is often considerable and 
appreciable error arising from the voltage drop in the filament supply 
leads may result if the filament voltage is measured at, for example, the 
supply source. The voltmeter could also be connected to the socket 
terminations as other terminations intended to connect the tube pins or 
terminals to an external circuit, provided the voltage drop between the 
tube pins or terminals and these terminations is negligible. 



♦Electrotechnical vocabulary: Part IV Electron tubes, Section 1 Common terms 
{first revision ) . 
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4. METHODS OF MEASUREMENT 

4.1 Heater Warm-up Time 

4.I4I The circuit for measuring heater warm-up time is shown in 
Fig. I. 




Fig. 1 



^ — Heater of the tube under test 
R — Series resistor 

y — Voltmeter measuring heater terminal voltage 
Yg — Source voltage ( dc or ac ) 

Circuit for the Measurement of Heater Warm-up Time 



The source voltage Vs and the series resistance R shall be adjusted 
to the values given by the following formulae: 

/? = 3 ( F,//, ) 

where Vf and If are the nominal heater voltage and current respectively. 
The switch 6* is closed and the time taken for the heater terminal voltage, 
F, to attain 0*8 times its nominal value, is measured, 

4,1.2 Precautions 

4.1. 2*1 Temperature before the measurement — In order that every part 
of the tube should be at room temperature, no voltage should be applied 
to the heater for a period of at least 1 hour prior to the measurement. 

4*1.2.2 Source impedance — The internal resistance of the heater supply 
source should be negligible compared with the value /?, of the series resistor. 

4. 1.2.3 Indicating instrument — The internal resistance of the voltmeter 
should be high compared with the resistance of the heater when hot, 

4,1.2*4 Series resistor — Resistance R should be within 1 percent of 
its theoretical value. 

4.2 Cathode Heating Time — The cathode heating time is the time 
required for the cathode current to attain a specified value ( for example, 
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one fourth of the nominal value ) with stated electrode supply voltages 
applied and with stated impedance in the electrode circuits ( see Fig. 2). 



»— 


1 


— 


2 
LU 


CATHODE 'i 
HEATIMG TIME ^ 


•"■^'^ 


or 


1 


y 


or 




^ 


zj 






(J 






UJ 


/\ 


\ 


Q 


/ \ 


1 


o 




SPECiFiED 


X 


/ \ 


VALUE 


I — 






< 


y 1 




u 


^^^ \ 


Y 



CATHODE HEATING TIME 
Fig. 2 Relation Between Cathode Current and Time 



4.2.1 The circuit used for the measurement o{ cathode heating time is 
shown in Fig. 3. The supply voltages shall be kept constant during the 
measurement. The filament circuit is closed and the time is measured 
from this instant until the instant the indicating instrument shows the 
specified value. 




Fig. 3 Circuit Arrangement for Measuring Cathode Heating Time 

4.2.2 Precautions 

4.2.2.1 Temperature before the measurement — In order that every part 
of the tube should be at room temperature, no voltage should be applied 
to the heater or filament for a period of at least 1 hour prior to the measure- 
ment. 
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4«2«2«2 Source impedance — The internal resistance of the heater or 
filament supply source should be negligible compared with the resistance 
of the cold heater or filament. 

4*2.2.3 Indicating instrument — For acceptable accuracy, it is impor- 
tant that the indicating instrument has low damping characteristics. 

4.3 Heater or Filament Current 

4-3.1 The specified voltage is applied to the appropriate filament or 
heater terminals in series with a suitable ammeter. All the other elements 
are kept floating. The current is measured when equilibrium is reached 
allowance being made for the voltage drop across the ammeter and for 
the current drawn by the voltmeter. 

4.4 Filament or Heater Heating Characteristic — When tubes are 
operated with the filament or heaters in series, it is desirable that the 
voltage be divided during the heating period as nearly as possible in 
accordance with the rated operating voltage of the individual filaments or 
heaters, in order to minimize the likelihood of burning out and to ensure 
minimum heating time of the entire heating circuits. In order to judge the 
heating characteristic of individual tubes in a series string, the time varia- 
tion of the filament or heater resistance of each tube should be compared 
with the average of the entire heating circuits. 

4.4.1 Measurements are made in a circuit as shown in Fig. 4 and the 
resulting data are plotted as percent of rated or final heater resistance 
against time as in Fig. 5. In Fig, 4, Ti and T^ are a variable and a tapped 
transformer respectively, having ratings adequate to ensure good regulation. 
Switch ^1 is for energising the complete circuit and combination of switch 
^2 and resistor /?m is used to protect the meter A^ against excessive initial 
surges, the resistance Rj^^ being made equal to the impedance of the 
meter A, Protection against short circuits is afforded by the fuse. 
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Fig. 4 Circuit Arrangement for Measuring Heater Heating 

Characteristics 
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Fig. 5 



4 8 12 16 
TIME IN SECONDS 



Curves Showing Percentage of Final Heater Resistance 
Against Heating Time 



4.4*2 The output voltage of Tg is to be equal to the rated heater voltage 
of the tube plus the drop through the low-resistance meter A or its 
equivalent /J^. Readings of current / are taken at known intervals. The 
percentage of the final resistance attained at the time of any reading will 
be 100 IRy^y where R\^ is obtained from the final heater voltage at rated 
heater current, 

4.4.3 The curves of Fig. 5 show the peiceatage of final heater resistance 
plotted against heating time. Curve A may be considered as average of 
indirectly heated tubes used in series operation, while curves B and C are 
for heaters having relatively fast and slow heating characteristics respecti- 
vely ( when operated in serie-s with tube having healing characteristics 
such as given by curve A ). It will be noted that a tube such as that having 
the characteristics of curve B will operate with heater temperature above 
the final value during part of the heating cycle and the maximum voltage 
across the heater will exceed the rated value in proportion to the amount 
by which the curve of percent of final heater resistance against time diflfcrs 
from the average of that characteristics for all values in the circuit. On 
the other hand, a tube having a characteristic like that of curve C will 
reach its final temperature more slowly when operated in a series circuit 
when the average value and the heater voltage will never exceed the rated 
proportional value. 

4.5 Emission Current 

4.5.1 Emission — To avoid damaging the tube under test, the emission 
voltage shall be applied only for suflScient time to permit the emission to 
reach the specified minimum value. The duration of the test shall not 
exceed 5 seconds. When only a minimum current limit is specified, a 
voltage less than the value specified may be applied provided the required 
minimum emission current is thus obtained. In testing of receiving tubes 
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when only a minimum current limit is specified, the test shall be performed 
by increasing the applied voltage till the specified minimum emission 
current is obtained and reading the vohage drop across the tube under 
test. 

4.5.1.1 Emission at reduced filament voltage — If an emission current 
test is specified at reduced filament voltage, this test shall be performed 
prior to the emission current test at rated filament voltage. The tube shall 
be operated with only 90 percent of rated filament voltage applied. After 
allowing the cathode temperature to stabilize, the emission voltage shall 
be applied in the manner specified in 4.5.1. 

4.5.1*2 Emission at rated filament voltage — The tube shall be operated 
with rated filament voltage applied. After allowing the cathode temper- 
ature to stabilize, the emission voltage shall be applied in the manner 
specified in 4. 5.1. 

4.5.2 Peak Emission by Voltage Drop — The tube shall be tested with the 
specified voltage applied to the filament or heater, with a 50 Hz anode 
supply sufficient to start the tube and sufficient series resistance to limit 
the anode current to the specified maximum current value per anode, 
A suitable circuit designed to permit the conduction of the specified peak 
current for one or two approximate half-cycles per second shall be provi- 
ded. The peak voltage drop exclusive of the starting voltage measured 
from an anode to the reference point as shown on a cathode ray oscillos- 
cope, or by other suitable means, shall be within the limits specified, 

4.5.3 Peak Emission — The filament or heater potential shall be applied 
and the grids, if present, shall be connected to the anode. A suitable 
capacitor shall be discharged through the tube and a load resistor. The 
peak current shall be measured by an oscilloscope suitably calibrated. An 
equivalent method may be used. Pulses shall be applied in such a manner 
that the tube will not be damaged. The peak current shall be within the 
limits specified and there shall be no evidence of sparking during the test, 

4.5.4 Emission by Oscillation — At the end of the power-oscillation test 
the filament potential shall be reduced until the rf power output has been 
reduced by 10 percent, at which point the filament potential shall not 
exceed the value specified, or the filament potential shall be adjusted to 
the limit value specified, at which point the power output shall be not less 
than 90 percent of the initial value, 

4.5.5 Pulsing Emission — Either of the following test methods, 4.5.5*1 
or 4.5.5.2, may be used for this test. 

4.5.5.1 Square wave — The tube shall be operated at the electrode 
potentials specified. Where pulse voltages are indicated the pulse duration 
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shall be not less than 2 nor greater than 10 /*s. Time of rise shall be not 
greater than 10 percent of the pulse duration and time constant of fall not 
greater than 20 percent of the pulse duration. The duty shall be not less 
than 0001. Variations in 80 percent of the top portion of the pulse shall 
not exceed ± 5 percent of the maximum amplitude and no portion shall 
fall below the maximum amplitude by more than 10 percent. There shall 
be no sign of arcing during the latter half of the test and the average peak 
anode current shall be within the limits specified. 

4*5.5.2 Sinusoid — The tube shall be operated at the electrode potential 
and conditions specified in the detail specification, A nominal ^ sinusoidal 
pulse source which meets the following requirements shall be applied. 
Pulse duration ( ^p shall be 2 [is minimum, 10 /as maximum, at the base 
line of the pulse; pulse repetition rate (prr ) shall be not less than 20 pulses 
per second. There shall be no sign of arcing during the latter half of the 
test. Excluding any spike the peak diode current, or peak tube drop 
( whichever is specified ), shall meet the specified limits at the required 
peak pulse value when a stabilized reading is obtained up to a maximum 
of 1 minute. 

4.5.6 Emission Oscillation — This test shall be made with the tube oper- 
ating under the oscillation test conditions after the power oscillation test. 
The filament potential shall be changed as specified and the change in 
power output or cathode current shall be within the limits specified. 

4.5»7 Pulse Emission — The tube shall be tested for pulse emission in the 
circuit shown in Fig. 6. A resistor shall be substituted for the tube under 
test for calibration purposes. Ri i?a and the calibrating resistor ( as shown 
in Fig. 6 ) shall be within ± 5 percent of that specified in the detail 
specification and shall be non-inductive. The control grid, and the screen 
grid when present, shall be tied directly to the anode. The calibrated 
pulse voltage amplitude shall be within the value specified over 80 percent 
of the top portion of the pulse and shall not vary from this value by more 
than 5 percent. The modulator impedance shall be as specified in the 
detail specification. The pulse voltage characteristics shall be ^p = 5*0 
± 25 fis; time of rise tf == 0*5 Ms maximum; time of fall ;, = 1*0 /as 
maximum. The pulse emission shall be within the limits specified in the 
detail specification. 

4.6 Static Characteristics 

4.6,1 Introduction — The static characteristics of an electron tube are 
valuable as a means of predicting the performance of the tube since load 
characteristics may usually be computed for assumed circuit conditions. 
The various tube constants and the perveance may be calculated from 
fanailies of static characteristics. Load characteristics may be obtained 
in some cases by actually operating the tube in the desired circuit and 
making the appropriate measurements. 

10 
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Fig, 6 Circuit for Testing Pules Emission 

4.6.2 Static Characteristics of an Electron Tube — The more useful static 
characteristics of an electron tube are: 

a) Electrode characteristics, 

b) Constant-current characteristics, and 

c) Transfer characteristics, 

4.6.3 Direct Current Method — A representative arrangement for the 
determination of the characteristics of electron tubes is shown in Fig. 7, 
Although battery supplies are indicated, in actual practice the supplies 
may be derived from a well-filtered dc source, preferably a regulated 
power source. 
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Fig, 7 Circuit Arrangement for Measuring Static 
Characteristics by Direct Current Method 
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4.6.4 Pulse Method — It is of considerable importance to know the 
static characteristics of electron tubes in the region where electrode 
dissipation may exceed safe values. It is impossible to obtain these 
characteristics by the conventional direct current methods without dama- 
ging the tube. In such cases it is necessary to employ pulse methods in 
which the tube is allowed to pass current only for short intervals of such 
duration and frequency so that it is not damaged. 

Pulse methods may be employed for obtaining electrode characterise 
tics, transfer characteristics or constant-current characteristics. The basic 
elements needed for pulse method are the pulse generator and the current 
and voltage indicators. The point-by-point pulse method consists of 
applying known pulse voltage to the control grid and simultaneously 
measuring the corresponding maximum pulse currents to the electrodes 
under specified test conditions. 

The applied voltages are adjusted point-by-point over the desired 
ranges to obtain a family of characteristic curves. The circuit arrange- 
ment for puke method Is shown in Fig, 8. 



PU15E 
GENeRATOR 




Vi s» Grid voltage At «» Grid current 

Vf -• Screen voltage A2 ^ Screen current 

Vz =» Plate voltage A^ «« Plate current 

Fxo. 8 GmcuiT Arrakoembmt por Measurement op Static 
Characteristics by Pulse Method 

4.6.4.1 Puls0 gimrator— In the circuit of Fig, 9 the tube maybe 
considered as a pulse amplifier in which any pulse shape apph'cd to the 
control grid circuit is amplified and applied to the tube under test. This 
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circuit has the advantage of not requiring a specific terminating impe^ 
dance. Several amplifier tubes may be operated in parallel to provide 
additional current if precautions usual for parallel operations are observed. 
Several arrangements of this basic circuit may be used depending on the 
location of the ground connection and the polarity of the output pubc. 



CUT OFF BIAS 

-REACTANGULAR 
VCONTROL PULSE 




HIGH VACUUM TUB 



1 



TO TUBE 
UNDER TEST 



Fio. 9 Tube as a PutSE Amplifier 



If secondary emission effects in the tube under test introduce a 
n^ative impedance, the pulse generator naust be shunted with a non- 
inductive load resistor of such value as to maintain a net positive 
impedance at its terminals. This resistor R should be located between the 
generator and the current indicator as shown in Fig. 8. 

4.6.4.2 Ptdt reading voltage indicator — Peak reading voltage indi- 
cator is useful in measuring the peak value of the pulse voltage applied to 
an electrode in obtaining vacuum tube characteristics by point- by -point 
pulse method. 

In order to function successfully, the circuit consisting of the capa* 
citory resistor and meter shown in Fig, 10 shall have a time constant that 
is large with respect to the lime interval between successive pulses. The 
indicator accuracy is greatest with rectangular pulses although good 
accuracy may be obtained with other pulse shapies if the pulse duration is 
sufficient. 

Where the pulse is substantially square and OFF/ON ratio is known, 
a moving coil or other averaging instrument may be used to measure the 
electrode current. The peak current is equal to the mean current ( as 
measured by the meter) multiplied by the ratio of the total time to the 
pulse duration. 

The peak reading voltage indicator of Fig, 10 may be calibrated 
from a known dc source if correction is made for voltage drop in the high 
vacuum diode The usual practices of correcting for meter current or for 
voltage drop in current-measuring instruments should be followed. This 
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type of indicator may be used also to determine peak current by measu- 
ring the peak voltage drop across a non-inductive shunt resistor of known 
value. 

The use of this indicator for current measuring purposes may result 
in serious errors if the electrode characteristic of the tube under test 
exhibits a change of slope from positive to negative. Electrodes giving 
high secondary emission currents may have such characteristics,' and a 
knowledge of the tube being tested or use of a cathode-ray oscillograph for 
checking purposes is desirable. 



PULSE VOLTAGE TO 
BE MEASURED 



LARGE - 
CAPACITOR" 



HIGH VACUUM 
DIODE 



HIGH 

I RESISTANCE 



A iDC MICROAM- 
"^ ' METER 



Fig. 10 Peak Reading Voltage Indicator 

4«6«4.3 Cathode-ray oscillograph current indicator — The indicator shown 
in Fig. 11 will be useful in measuring the peak value of electrode currents 
in taking tube characteristics by pulse method based upon circuit indica- 
ted in Fig. 8. With large tubes, connections may in most instances be 
made directly to the vertical deflection plates of the oscillograph. Safety 
and good performance require that this method be applied only to those 
oscillographs in which connection may be made directly to deflection 
plates operated at or near ground potential. 

It is usually desirable to utilize a linear horizontal sweep voltage, 
synchronised to the pulse generator frequency, to spread out the current 
trace. In this manner the detection of possible errors caused by the 
negative slopes of electrode characteristics is simplified. In obtaining 
characteristics having only a positive slope, however, the peak current 
value may be obtained without a sweep voltage simply by measuring the 
height of the vertical deflection line. The dc calibrating circuit shown in 
Fig. 12 provides a convenient method of reading voltage drop produced in 
the resistor R by the electrode current. The use of a non-inductive resis- 
tor is recommended, and connecting leads should be kept as short as 
possible. By means of the adjustable calibrating voltage, the cathode-ray 
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beam may be depressed until the peak deflection coincides with the zero 
axis. The do meter reading is then equal to the peak voltage drop in the 
current measuring resistor if the reactance of the blocking capacitor is 
suflBciently small. 

The same current indicator may be used to measure several elec- 
trode currents by switching it across various electrode current measuring 
resistors. 

DEFLECTION 
PLATES 
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f CATHODE -RAY 
OSCILLOSCOPE 



PULSE BLOCKING 
RESISTOR 



DC 
CALIBRATING 

VOLTAGE 




TO CATHODE OF 
TUBE UNDER TEST 



TO NEGATIVE OF PULSE 
GENERATOR OR ELECTRODE 
VOLTAGE SUPPLY 



SWITCH 



Fig 11 



VOLTAGE DIVIDER 



Circuit Arrangement for Measuring the Peak 
Value of Electrode Currents 



4.7 Dynamic Characteristic 

4.7.1 Direct Measurement of Load (Dynamic) Characteristic — The load 
characteristics of a tube may be measured directly by the method given 
below. 

4.7.1.1 The tube should be set up for the required operating condi- 
tion and the desired load characteristic obtained by means of a cathode- 
ray oscillograph, the electrode voltage being applied to one pair of 
deflection plates and the voltage across a current measuring resistor 
simultaneously applied to the other pair. 

4.7.1.2 At frequencies at which transit time, tube capacitance and 
the tube lead inductance become important, they may have considerable 
effect upon the load characteristic. It is, therefore, advisable to take load 
characteristics at the frequency at which the tube is to be used. 
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4.7.1.3 Precaution — Care shall be taken to ensure that the measu- 
ring instrument and its copnecting leads do not effect the shape of the load 
characteristic. 



/ *lg 




Fig. 12 Total Grid Current and its Components 



4.8 Residual Gas and Insulation Measurements 

4.8.1 Electron tubes of the same type having satisfactory static and 
cathode characteristics may differ from one another in the degree of 
vacuum and of insulation between electrodes. These properties may 
affect the tube life and the relative freedom from complications in tube 
operation. The degree of vacuum may be estimated by measuring the 
gas ( ionization ) current; and the insulation from the leakage current in 
the tube. In many cases, it is convenient and sufficient to measure both 
the currents in the circuit of the negatively biased control grid. 

4,8.1«1 To separate gas current and leakage current it is necessary 
to vary the operating voltages. Variation of operating voltages, however, 
may cause the temperature of parts of the tube to vary. Because both gas 
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current and leakage current are dependent on temperature to an extent 
determined by the design of the tube, it is impossible to separate a grid 
current into its various components with any degree of accuracy. 

4.8.2 Total Negative Grid Current — A minute electric current can always 
be observed in the circuit of the negatively biased control grid of an elec- 
tron tube. Usually it consists of several component currents arising from 
various physical phenomena. The currents are superimposed upon one 
another and do not all flow in the same direction. These currents ( see 
Fig. 12 ) may result from the following causes. 

a) Electrons from the cathode that reach the grid by virtue of con* 
tact potential and initial velocities ( see curve i ), 

b) Gas ( ionization ) ( see curve » ), 

c) Leakage ( see curve Hi ), 

d) Grid current ( cold ), and 

c) Primary electron emission from the control grid ( see curve iv ). 



n^ 




i 



Fig. 13 Circuit Arrangement for Measuring the Total Grid 
Current by Direct Method 



4.8.2.1 Direct method — With a negative bias on the control grid, 
voltages are applied to other electrodes to establish a suitable electron 
current. After thermal equilibrium is reached, the current in the grid 
circuit is measured by using a sensitive microammeter such as a spot 
galvanometer. The circuit arrangement is indicated in Fig, 13, 
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4.8.2.2 Indirect method — A sensitive method of measuring total control 
grid current, which is especially useful when the current is too small for 
convenient direct measurement by ordinary deflection instruments, is 
indicated in Fig. 14, With the switch S closed and the grid and anode 
voltage adjusted to the specified values, the anode current is read. Resistor 
/?gi is then inserted into the grid circuit by opening the switch, and grid 
bias is readjusted so that the anode current returns to its former value. 
The grid current /gi can be computed from the change in grid voltage 
A ^^gi necessary to main constant anode curren, since 



'gi 






The necessary value of Rgi will depend upon the current to be meas- 
ured. When a number of tubes of the same type are to be compared for 
grid current, it is often sufficient to estimate the relative grid current by 
noting the change in the anode current when S is opened or closed. 

The sensitivity of the method can be greatly improved by balancing 
out the normal anode current by the arrangement shown by the dotted 
lines of Fig, 14, in order to permit the employment of a more sensitive 
anode current meter. The leakage resistance across the switch S should be 
large in comparison with R^i, 



OTHER ELECTRODE TO 
BE MAINTAINED AT SPECI- 
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Fig. 14 Circuit Arrangement for Measuring the Total 
Grid Current by Indirect Method 
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4*8.3 Gas ( Ionization ) Current — When the electrode voltages and current 
are high enough, direct measurements under desired operating conditions 
may be made by a microarameter, as explained in 4.8.3.I. In many cases 
there will not be sufficient ionization for these measurements at rated 
voltages. To check gas currents it is then necessary to use the indirect 
method as explained in 4.8«3«2. These methods serve to compare relative 
ionization in tubes of a given type, but do not afford a direct comparison 
of gas currents under operating voltages. 

4.8.3.1 Subtraction method — Gas current may be determined by the 
circuit given in Fig. 13. First, the total negative grid current is measured 
as described in 4.8.2, grid bias is then increased to or slightly beyond the 
cut-off point and the grid current is again noted. If the primary grid 
emission is relatively small, gas current is approximately equal to the 
difference between the two readings. This is so because the gas current is 
included in the first readings whereas there is no gas current during the 
second measurement as there is no electron current to produce gas ions. 
The second reading includes leakage current and primary grid emission 
current. Leakage current may be assumed to be proportional to the grid 
voltage. 

Note — If the primary grid emission is not small, the results obtained by this 
method may be misleading. The primary grid emission current will increase with 
grid voltage and may cause the difference between the two readings to be zero or 
even negative. Other method is then required to evaluate the results. 

4.8.3.2 lonizaiion-gauge method — In many types of electron tubes, the 
degree of vacuum can be estimated without measuring the negative grid 
current. The method is based upon a circuit examplified by Fig. 15 in 
which a positive voltage greater than the ionization potential is applied to 
the control grid and a negative voltage is applied to one or more other 
electrodes. Positive ions formed by the collision of electrons with gas 
molecules are collected by the negative electrodes. The resulting positive- 
ion current gives an indication of the gas density, and, therefore, gives a 
means for comparison of the degree of vacuum of individual tubes of the 
same design. Since the nature of the gas influences the measurements, it 
shall be considered when measurements are made with different gases. 

Precautions — Although the cathode temperature in this test shall be 
adjusted to give a sufficiently high grid current of convenient readings, 
the grid current should not be too high because bombardment of the grid 
may cause gas evolution. The degree of vacuum in tubes of the same 
design may be compared if the grid voltage is kept constant and if constant 
grid current is maintained by adjusting the cathode temperature. Retard- 
ing-field oscillations that may occur during measurements in this circuit 
shall be avoided by proper choice of voltage. 
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Fig, 15 



Circuit Arrangement for Measuring Gas Current, 
Ionization-Gauge Method 



4.8.4 Grid Leakage — This test applies to tubes where grid leakage is 
high compared to grid emission. At the conclusion of the test specified 
in 4«8.2 above, the filament or heater voltage shall be cut off and the grid 
current measured when the parts have cooled. This current shall be 
considered to be due to leakage and shall not exceed the limit specified. 

4.8.5 Grid Current ( Cold ) — The filament switch shall be opened until 
the elements have cooled below visible colour. The filament switch shall 
then be closed and the value of the grid current at the first pause in its 
rising value shall not exceed the value specified. 

4.8.6 Primary Grid Emission — By means of suitable rectifiers and a 50 Hz 
ac source, the grid shall be heated during the positive half cycles; and the 
primary emission measured during the negative half cycles. The voltage 
shall be adjusted for the input power or average grid current specified. 
The primary emission current shall not be greater than the limit specified. 

4.8.7 Insulation of Electrodes 

4.8.7.1 Tests shall be carried with each control grid to all other 
elements tied and each anode to all other elements tied. In the test set, 
the centre tap or one side of the filament transformer shall be tied to the 
positive terminal. When testing multi-section tubes, all elements of sections 
not under test shall be connected to the positive terminal. The value of 
the insulation resistance, measured with the applied potential specified 
in 4.8.7.2, 4.8.7.3 and 4.8.7.4 below as applicable, shall be not less than 
100 megohms for reliable tubes and not less than 10 megohms for all other 
receiving tubes. This test shall be performed with the filament energised 
immediately after the other specified electrical tests are concluded or 
immediately following a minimum pre-hcating time of 5 minutes. 
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4.8.7*2 Receiving tubes with a maximum anode potential rating greater than 
330 V dc — Receiving tubes with maximum anode potential rating greater 
than 330 V dc, or rectifiers whose maximum rms test voltage per anode 
exceeds 300 V dc, shall be tested with a negative potential of at least 
500 V dc when measuring insulation resistance from anode to all other 
elements tied. The applied potential shall be not less than — 300 V dc 
when measuring insulation resistance from each control grid to all other 
elements tied. 

4.8.7*3 Receiving tubes with maximum anode potential rating of 330 V dc 
or less — Receiving tubes with a maximum anode potential rating equal 
to or less than 330 V dc, except those intended for dry battery operation, 
or rectifiers whose maximum, rms test voltage per anode is less than 
300 V ac, shall be tested with a negative potential of at least 300 V dc 
when measuring insulation resistance from anode to all other elements 
tied; however, the applied potential shall be a negative voltage of at least 
100 V dc when measuring insulation resistance from each control grid to 
all other elements tied. 

4.8.7.4 For tubes other than receiving, the value of insulation 
resistance and the applicable voltages shall be specified in the detail 
specification. 

Precautions — Since these measurements may include emission currents 
from various electrodes, care should be taken that conditions are such as 
to preclude such emission. These conditions may be approached by heating 
the tube under normal operating conditions, turning off the filament or 
heater, and making measurements as soon thereafter as the electrodes 
have cooled to the point where electron emission currents will be negligible. 

4*8.8 Heater-Cathode Leakage Current — Leakage current between the heater 
and the cathode of a tube should be measured with the rated heater 
voltage applied, sufficient time being allowed for the heater and the 
cathode to attain normal temperature. The heater voltage may be either 
alternating or direct, as convenient. A voltage is applied in series with a 
microammeter between the heater and the cathode and the current is 
measured ( due allowance being made for any voltage drop across the 
protective resistor ). Measurements of heater-cathode leakage current 
may be made with alternating voltage or with direct voltage of either 
polarity. Because the current obtained will rarely be the same under the 
three conditions, the conditions of test shall be specified. Similarly, where 
the heater voltage is appreciable compared with the measuring voltage, 
the point of connection to the heater circuit shall be specified. The voltage 
on elements other than heater and cathode may influence the results 
because of stray electron currents, and should be specified in the test 
conditions. 
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4.9 Inverse Electrode Currents 

4.9.1 Thermal electron emission currents from elements other than the 
cathode may be of sufficient magnitude to affect the performance of electron 
tubes. Measuring methods are described below for thermal electron emission 
from the control-grid, screen-grid and the anode of amplifier tubes and 
the anode of diode rectifiers. 

4.9.1*1 Secondary electron emission from control-grids may also 
affect performance and control tests may be desirable. 

4.9.2 Thermal Grid Emission — During tube operation, the control 
grid is subjected to heating by radiation and by electron bombardment 
when the grid potential becomes positive. As a result, the grid temperature 
may reach the level at which grid begins to emit electrons. Consequently, 
an electron current from the grid to the other electrodes may flow when- 
ever the grid is negative with respect to these electrodes. The amount of 
such thermal electron emission.and the conditions under which its effect 
becomes appreciable may be determined by one of the following two 
methods. 

4.9.2.1 Subtraction method — The total negative grid current measured 
beyond the cut-off point, as described in 4.8.3.1, consists of the leakage 
current and the thermal grid emission current. Since grid leakage can be 
measured independently, it can be subtracted from the total measured 
current to give the value of thermal electron current. If the leakage current 
is negligible, the original measurement gives the grid emission current 
directly. 

Note — The grid emission and leakage currents are both related to temper- 
ature. Therefore, the total grid current shall be measured as quickly as possible 
after the cathode current is cut off. The value of leakage current measured shall 
be corrected to the voltage at which the total current was measured. 

4.9.2*2 Dynamic method — Measurement of thermal grid emission as 
a function of grid dissipation power may be accomplished by the use of the 
circuit shown in Fig. 16. In this arrangement the grid of the tube under 
test is heated by 50-cycle power from transformer 7"i on every alternate 
half-cycle through rectifier Fi and ammeter Ai* On the reserve half-cycle 
of transformer Ti, a sensitive ammeter A^in series with rectifier Fg indica- 
tes the thermal grid emission current (and leakage current if present). 
The battery B and potentiometer R are included to provide a means of 
bucking out spurious currents around the V\ — F^ loop caused by contact 
potential and initial velocities. Voltmeter F in series with rectifier Fs 
serves to indicate the voltage on the grid on the heating half-cycle. With 
proper regard to the form factors of the various voltages and currents, the 
thermal grid emission current versus grid dissipation may be calculated. 
If a wattmeter is used in place of ammeter Ai and voltmeter F, the grid 
dissipation can be read directly. 
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Fig. 16 Circuit Arrangement for Measuring Primary Grid 
Emission, Dynamic Method 

4.9.3 Secondary Grid Emission — Secondary electron emission from the 
grid surface as a result of electron bombardment is an ever-present pheno- 
menon in electron tubes when positive potentials are applied to the grid 
statically or dynamically. Secondary electron emission current flows from 
the grid to other more positive electrodes as long as electron current flows 
to the grid. In external grid circuit the bombarding current and the 
secondary emission current flow in opposite directions, and only their 
difference may be observed on a meter. 

4«9«3.1 Pronounced secondary grid emission in an electron tube 
amplifier or oscillator may help tube operation by increasing the output 
and efficiency or by reducing the grid-excitation power. It may, however, 
interfere with tube operation by preventing the realisation of linear 
amplification or by causing parasitic oscillations. Secondary grid emis- 
sion may exert a detrimental effect when it is of such magnitude as to 
produce a negative grid resistance. Negative grid resistance is evidenced 
by a negative slope of the curve of grid current versus grid voltage, or 
even by reversal of grid current. In Fig. 17 the effect of secondary grid 
emission on the grid charrct eristic is shown. Curve I shows no appreci- 
able secondary emission and curve II appreciable secondary emission. 
Curve III, however, shows pronounced secondary emission in which 
region * a * of the curve is a negative resistance region. 

4.9.3.2 The amount of secondary emission from the grid of an 
electron tube cannot be measured directly. Tube of the same type, 
however, may be compared as to the relative amount of secondary grid 
emission present by projecting a grid characteristic upon the screen of a 
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cathode-ray tube or by checking by static means of a point on the grid 
characteristic for chosen values of electrode voltages. If a static test is 
used, electrode voltages shall be chosen that do not result in excessive 
electrode dissipation. 
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Typical Grid Characteristics Showing Effects of 
Secondary Emission 



4.9»4 Back Emission in Rectifier Diodes — Back emission in a rectifier is 
the inverse thermal electron current between anode and cathode. If the 
dissipation during the conducting part of the cycle is sufficient to cause 
heating of the anode to a temperature high enough to enable it to emit 
electrons, the released electrons will bombard the cathode during the time 
in which the cathode is positive with respect to the anode, A basic circuit 
suitable for the measurement of back emission is shown in Fig, 18, The 
tube under test is operated as a half-wave rectifier and loaded by R^ and 
C. Vi is a diode of very low impedance compared with that of tube under 
test and may conveniently be a gas-filled tube. The impedance of the 
rectifier V^ may be higher than that of Fi* R^ is a limit-resistor to protect 
the meter A^ in the event of flash-over in the tube under test. The battery 
B and potentiometer Rz are included to cancel out circulating currents in 
the V\ -— Fg loop due to contact potential and initial velocities. 

4.9*4.1 During the conducting part of the cycle, the tube under test 
and Vi conduct and, since V has a very low impedance compared with the 
tube under test, the time constants of the circuits will not be disturbed. 
During the non-conducting part of the cycle, any reverse current in the 
tube under test is fed through V^ and the meter A^, This current is made 
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up of back-emission and ohmic-leakage currents through the tube under 
test. If a curve of back emission current against output current from the 
tube under test is plotted, it will take the form shown in Fig. 19, 



r>^ 




Fig. 18 Circuit Arrangement for Measuring Back Emission 

4.9.4.2 At low values of output current the reverse current consists 
entirely of the ohmic-leakage current and tends to decrease in value with 
increase in output current. The decrease occurs because the peak-inverse 
voltage across the tube under test is decreasing. As the temperature of 
the anode rises, the thermal electron emission from it may increase 
rapidly, as shown in Fig. 19 by CD. 

4.9.5 Operation of Rectifiers 

4.9.5.1 Each tube shall operate satisfactorily and without rejcctablc 
arc-backs in a rectifier circuit under the conditions specified. The criteria 
for rejetable arc-back and their detection shall be as specified in 4.9*5.2 to 
4.9.5.4 inclusive, as applicable, or as specified. When the test conditions 
specify circuit constants, the dc current in the load resistor shall be within 
the limits specified. The duration of test shall be sufficient to obtain 
indication of satisfactory opeiation. For mercury-vapour rectifiers, the 
cathode shall be allowed to be heated for a period of time sufficient to 
distribute the mercury properly in the bulb. Inductive loading shall not 
be used. Unless otherwise specified, rejectable arc-backs do not apply to 
life tests. 
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Fig 19 Typicai. Curve of Reverse Current vs Output Current 

IN Rectifier 

4*9«5»2 Receiving'type rectifiers — In the operation of receiving -type 
rectifiers, a rcjectablc arc-back is one which has a peak reverse current at 
least 3*5 times the rated peak steady^state anode current per anode and 
which occurs after a delay of at least 5 input frequency cycles from the 
time of application of anode voltage. ( This delay distinguishes arcs 
attributable to the tube from those which result from transient instability 
of the test equipment ). The arc-back detector shall have a maximum 
charging time constant of 0*5 millisecond and shall be capable of detecting 
a single rectangular peak of 0*5 millisecond duration with an amplitude 
of 3*5 times the rated peak steady-state anode current per anode. The 
minimum test time shall be the time required for the tube under test to 
reach the minimum operation current, /q, specified in the detail specific- 
ation. The tube may be preheated at rated heater or filament voltage at 
the option of the manufacturer. This is not a destructive test, 

4*9«5.3 Gas rectifiers — In the operation of gas rectifiers, a rejectable 
arc-back is one which has a current in the reverse direction whose peak 
value is not less than five times the peak forward anode current obtained 
during this test. In the test circuit, the source impedance shall be such 
that the peak value of the steady-state current in the shorting circuit, when 
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all tubes are short circuited, shall not be less than 7*5 times the peak 
forward anode current obtained during this test. The arc-back detector 
shall be capable of detecting a rejectable arc current whose duration is 
equal to or greater than 1/4 cycle of the frequency of applied voltage. 
Unless otherwise specified, the frequency of operation shall be 50 Hz, 
Samples shall be operated for 1 hour. 

4.9.5.4 Power vacuum rectifiers — In the operation of power rectifiers, 
a rejectable arc-back is one which has a peak reverse current at least 
3*5 times the rated peak steady-state anode current. In the test circuit, 
the source impedance shall be such that the peak value of the steady-state 
current in the shorting circuit, when all tubes are 'short circuited, shall be 
at least four times the peak forward anode current obtained during this 
test. The arc-back detector shall be capable of detecing a rejectable arc 
current whose duration is equal to or greater than I /4 cycle of the frequency 
of applied voltage. The frequency of the applied voltage shall be 50 Hz. 
Samples shall be operated for 1 hour. 

4«9«6 Primary Saeen-Grid Emission — Measurement of thermal screen- 
grid emission as a function of the power dissipation may be accomplished 
by use of the circuit shown in Fig. 20. By means of suitable rectifiers and 
a 50 Hz source, the screen is heated during the positive half-cycles and 
the primary emission is measured during the negative half-cycles. Appro- 
priate direct anode voltage and control grid bias are applied to the tube, 
and the screen dissipation is set to the desired level by adjusting the 
alternating input voltage of the transformer and reading current on meter 
^1 and voltage on voltmeter V, Vi is a diode of very low impedance 
compared to the impedance of the screen circuit. The current read on 
meter A^ is the primary screen emission ( usually in the order of micro- 
amperes ) under the conditions of test. 
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Fig. 20 Circuit Arrangement for Measuring Primary Emission 
FROM Screen Grid of a Pentode 
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4.9.6.1 A wattmeter instead of voltmeter V and ammeter Ai will 
serve to establish screen dissipation in this test without tedious calculation, 

4.9«6«2 In some cases a simplified version of this circuit will give 
useful information, without the direct voltage supply and with the anode 
and control grid tied to cathode. 

4.9.7 Primary Anode Emission — Measurement of the thermal electron 
emission from the anode as a function of dissipation may be accomplished 
by the circuit of Fig. 21, which is similar in principle to the circuit discussed 
in 4,9.6 for the screen emission measurement. The desired anode dissipa- 
tion is obtained by applying alternating voltage to the anode and reading 
current on ammeter Ai and voltage on voltmeter K Appropriate values 
of screen and control grid bias are applied. The primary anode emission 
is read on meter Aq. 
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Fig. 21 



Circuit Arrangement for Measuring Primary Emission 
FROM Anode of a Pentode 



4.10 Inter^Electrode Capacitances 

4.10*1 It is recommended that direct capacitances be measured, rather 
than total capacitances, each of which is the sum of two or more direct 
capacitances. In measurements of direct capacitances between two electrodes 
of multi-electrode tubes, it is customary to connect all other electrode to 
ground unless another connection is desired which more nearly simulates 
the circuit operating conditions. Published capacitance values usually 
specify connections for the other electrodes. In general it is customary 
to connect the heaters and the screen-grid to the cathode and to 
connect other sections or units to ground. Information as to the electrode 
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connections for specific published capacitance values should be obtained 
from the published data sheets. The three direct capacitances of a triode 
are anode-grid capacitance Cag, grid-cathode capacitance Cgk and anode- 
cathode capacitance Cat- When a tube is active, its direct inter-electrode 
capacitances differ from the values obtained with a cold tube. The diffe- 
rence may be sufficient to be of importance in certain applications. Inter- 
electrode capacitances, unless otherwise specified are measured with the 
cathode cold and with no direct voltages present. 

4.10.2 Radio-Frequency Bridge Method —A bridge circuit for the measure- 
ment of direct inter^electrode capacitances of a tube is shown in Fig. 22. 
A stable oscillator, such as a crystal controlled oscillator, supplies RF 
through a closely coupled balanced transformer. Balance is indicated by 
a null-indicating tube voltmeter which is made up of a tuned amplifier, 
diode rectifier and direct current meter indicator. It is customary to use a 
stable communication receiver as a detector. For convenience, the 
capacitors are ganged differentially so that increase of one capacitance is 
accompanied by an equal decrease of the other. 
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Fio. 22 Circuit Arrangement for RF Bridge for Measuring 
Inter-Electrode Capacitances 
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4.10.2,1 Balance may then be effected by varying the two capacitance 
branches until they are equal ( when C^ == Cj — Cg ). Then at balance 
C*x = I 2 A ^1 I = 1 2 A C's I . When an adapter is used, the tube capaci- 
tance is the difference in capacitance readings with the tube in and out of 
the adapter. An advantage of the bridge over the other methods is that 
the conductive components of the tube admittances due to insulation 
losses, getter deposits or other leakages may be measured and balanced 
out independently of the capacitance reading. The effect of capacitance 
to ground is negligible as point B is at centre location in the bridge, where 
capacitance does not influence balance; and the capacitance from C to 
ground is across a closely coupled low-impedance winding that does not 
affect the capacitance balance or the voltage supplied to the bridge, 

4J0.3 Substitution Method 

4«10.3«1 A substitution method of high sensitivity for small capaci- 
tances such as the anode-grid capacitance of screen-grid tubes is shown in 
Fig. 23. This method employs a calibrated variable voltage source and 
a fixed standard capacitor. A standard signal generator is convenient for 
this purpose. The current through the anode-grid capacitance of the tube 
produces a voltage across the receiver input, which is shunted by a large 
capacitance C. In the arrangement shown in Fig. 23 the RF oscillator is 
modulated, and an ac voltmeter connected across the terminals of the 
loudspeaker is used as an indicator. 
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R = Attenuator F ^ ac Voltmeter 

C = Large shunt capacitor LS ssLoud spkeer 

Fio, 23 Circuit Arrangement for Measuring Inter- Electrode 

Capacitance be Substitution Method 

A standard fixed capacitor Cg of the order of 0*5 pF, suitably shiel- 
ded, is first used in place of the tube shown in Fig. 24 and the attenuator 
is set so that the impressed RF voltage is Fg with a standard AF output. 
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The tube to be measured is next substituted for the standard capacitor and 
the attenuator readjusted until an impressed RF voltage 7^ produces the 
same deflection at F. The unknown anode-grid capacitance is given by: 

'^Bgl = —y 

The standard capacitor may be enclosed within a vacuum tube of 
standard dimensions. Two circular disks 2 cm in diameter and spaced 
8 mm apart, will provide a standard capacitor of the proper order of 
magnitude. It may be caHbrated by measurements on a differential 
capacitance bridge. 

4«10#3«2 Precautions — The leads from the attenuator to the tube 
shield and from the latter to the voltage measuring unit should be com- 
pletely shielded, and the tube itself should be enclosed in a rather closely 
fitting cylindrical shield. For a double-ended tube, the test set should be 
provided with a small contactor to the grid ( or anode ) cap, the lead to 
this connector entering at the top of the shield. The lead from the anode 
or grid leaves at a point near the bottom of the shield. For a single- 
ended tube shielding adequate for the elimination of capacitance compo- 
nents between the active tube and socket terminals should be provided. 
The adequacy of the shielding may be checked by readings made with 
the tube removed from the socket, unless the tube base itself provides the 
shield. 

The shunt capacitance C should be large compared to the anode- 
grid capacitance of the tube under test; ordinarily a value of 500 pF is 
satisfactory, 

4.11 Tube Coefficients 

4.11.1 This section is devoted to methods of measuring the low frequ- 
ency coefficients of electron tubes. The more commonly used coefficients 
are anode resistance, grid-anode mutual conductance, amplification factor 
and conversion conductance. The methods outlined apply not only to 
these coefficients, but also to the less commonly used coefficients referred 
to any one or to any pair of electrodes such as grid resistance, conduc- 
tance for rectification, grid-screen /* factor, etc, 

4.11.1,1 In general most tube coefficients may be evaluated from 
the characteristic curves or may be measured directly by a balance or 
null method of measurement employing an audio-frequency generator as 
the source of power and a null indicator ( usually a telephone receiver 
which is preceded by an amplifier for more precise results). The results 
obtained by balance methods are usually more reliable than the results 
obtained from the characteristics curves, particularly in the measurement 
of coefficients of oxide coated cathode tubes, 
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4*1 1.2 Anode Resistance 

4«li«2«l Bridge method — Anode resistance may De determined by 
using the bridge illustrated in Fig, 24. At balance, the anode resistance 
fa is given by the relation: 



rs, = 



i?a 



In bridge measurements the quadrature current is usually best balanced 
out by a small capacitor in an arm of the bridge adjacent to the arm 
containing the unknown. Care should be taken in choosing the bridge 
arm resistances to ensure that the current flowing to the electrode docs 
not vary appreciably while the bridge is being balanced to a null. 




Fig. 24 Basic Resistance-Balance Circuit for Measuring 
Electrode Resistance 



4.11«2*2 Substitution method — This method lends itself to rapid deter- 
mination of the anode resistance r^ of tubes such as the screen-grid type 
where the value of anode resistance is above 0*5 megohm. The circuit 
arrangement is shown in Fig. 25. 

The tube is operated at normal voltages. Switch iS is open. Alter- 
nating voltage is applied as indicated and adjusted until a convenient 
deflection is obtained on the electronic voltmeter. The tube is then re- 
moved from the circuit and a resistor Ri substituted for the internal 
resistance of the tube by closing switch S. Ri is then adjusted to give the 
same deflection on the electronic voltmeter with the alternating voltage 
held constant at its original value. The value of Ri is then the value of 
the anode resistance of the tube. /22 should be made negligibly small in 
comparison with the anode resistance of the tube. 
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Fig, 25 Basic Circuit for Measuring the Anode Resistance of 
Screen-Grid Tubes by the Substitution Method 

The arrangement can be made into a direct reading device in the 
following three ways: 

a) By maintaining the alternating voltage constant and calibrating 
the electronic voltmeter in terms of anode resistance of the tube. 
Ri may be used in the manner described above for making 
calibration. 

b) By maintaining the deflection of the electronic voltmeter constant 
and calibrating the alternating current voltmeter in terms of the 
tube anode resistance, Ri being used for calibration purposes. 
This method gives a straight line calibration between the 
alternating voltage and the tube anode resistance and is more 
conveniently used than (a). 

c) By maintaining the alternating voltage constant and varying Rq 
to give constant deflection on the electronic voltmeter. The fa 
will be proportional to Rz, 

4*11.3 Mutual Conductance 

4*11.3.1 Method 1 — A balance method for measuring mutual conduc- 
tance ^m is shown in Fig. 26, At null condition, mutual conductance is 
given by the expression: 

If Rt and Ri are negligibly small compared with the resistance of anodt 
( r, ) and grid (Rg), the balance equation reduces to: 
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Fig, 26 Basic Resistance-Balance Circuit for Measuring 
MuTAL Conductance 



4.1L3.2 Method 2 — A second balance method, which is useful for 
measuring the mutual conductance of power tubes or in general when ra 
is small, is shown in Fig. 27. The null is obtained by adjusting R^ and at 
balance the mutual conductance is given by: 

1_ 

^^- R, 

The value of the resistance in the grid circuit does not affect the measure- 
ment. 




Fig. 27 Basic Resistance Circuit for Measuring the Mutual 
Conductance of Power Tubes 
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4.11.4 Amplification Factor — The circuit illustrated in Fig. 28 may be 
used for the measurement of amplification factor. In determining the 
amplification factor, the null detector shall ordinarily be placed in the 
anode circuit since the defining equation states that the alternating 
component of the anode current is zero. If the tube is a triode and if 
there is no grid current flowing, the null detector may be placed in the 
cathode circuit. The impedance of Cg shall be negligible in comparison 
with resistance R^ at the test frequency. At balance, the amplification 
factor is given by; 

_ R^ 




'"urj- 



» -il y DETECTOR 



f 



Fig. 28 Circuit Arranoement for Measuring the 
Amplification Factor 



4.11.5 General Precautions for Balance Methods — The magnitude of the 
impressed alternating voltage should always be sufficiently small so that 
the results of the measurement are unaffected by a reduction of the 
impressed voltage. All electrodes not directly involved in the measure- 
ment shall be maintained constant at specified voltages. 
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4.11.5.1 Balance methods employing an alternating voltage generator 

require that consideration be given to the effects of stray capacitances and 
couplings, which may render balance difficult or impossible. The ground* 
ing and shielding of apparatus should be given special attention. 

4.1 1.5.2 Batteries and, in particular, dc supplies operated from the 
power line may introduce excessive capacitance across the network 
elements unless properly located with respect tofground. In the example 
of Fig. 28, the anode and screen supplies are at ground potential and the 
capacitance of the grid supply may be neglected because of the low resis- 
tance of /?!. Capacitors of sufficiently low impedance to by-pass the AF 
currents shall usually be shunted across the power supplies. Voltage 
regulated power supplies are excellent low-impedance devices for this 
purpose. 

4.11.5.3 Audio frequency generators and amplifiers that are operated 
from the power line will have appreciable capacitance to ground the effect 
of which may usually be minimized by the use of shielded transformers, 

4.11.5.4 When direct current flows through the generator or through 
the detector, low resistance transformers or chokes shall be used to 
minimize the direct voltage drop. Spurious couplings between the chokes 
or transformers shall then be prevented by proper shielding, orientation 

and spacing of the component parts. 

4.11.5.5 In some circuits the direct voltage at an electrode may vary 
as balance adjustments are made. When this cannot be avoided by means 
of a blocking capacitor or by circuit rearrangement, the direct voltage is 
best measured at the electrode ( as in Fig. 28 by A ) with a meter of 
sufficiently high resistance to preclude errors due to its shunting effect. 
Circuit resistors shall be able to carry the electrode currents with negligible 
effect on their resistance value. 

4.11.5.6 In the measurements of the coefficients of high mutual con- 
ductance tubes, oscillations may occur. Oscillations of the tube under test 
may be evident in the lack of a sharp null point or may not be evident 
except in erroneous readings. Checks by other methods should therefore 
be made to establish freedom from oscillation in setting up a new bridge 
or in measuring high mutual conductance values. Oscillations may be 
checked by the presence of grid current or by the change of anode current 
when the grid or anode terminal is grounded for the spurious frequency. 
Oscillation may be prevented by exercising care in choosing the length 
and location of the leads to the tube sockets, by the judicious use of by 
pass capacitors, or by the insertions of a resistor in scries with the 
appropriate electrode. 
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4,I1«5.7 Circuit and intcr-elcctrode capacitances introduce quadra- 
ture currents that may have to be balanced out to attain an exact null. 
Various methods of quadrature balance are available. The mutual induc- 
tance method illustrated in Fig. 27 couples, in proper phase, voltage from 
the generator to the detector { or, on occasion, to the grid, circuit if there 
is no grid current ), Because of the resistance, self-inductance and mutual 
inductance introduced in series with the detector, the balance conditions 
are modified and a slight error may exist. In the capacitance method a 
small variable capacitor is used, as for example at Ci in Fig. 28. Both of 
these methods require readjustment of the circuit for every change in the 
main balance network. This difficulty may be avoided by using an 
auxiliary capacitance bridge to balance out the quadrature component 
before the tube heater or filament is turned on. 

4*1 1*6 Conversion Conductance 

4.11.6.1 The definition of conversion conductance shows that if 
fi ""/i where fi is the frequency component of current and fz is the 
frequency component of voltage, the difference frequency will be zero, 
corresponding to direct current. If the two signals are in phase, the anode 
current will be higher than with the two signals 180° out of phase. The 
difference in direct anode current, caused by a reversal of the phase 
relation of the two signals, divided by twice the peak value of the alter- 
nating voltage on the signal grid is the conversion conductance. It is 
assumed that the voltage on the oscillator grid is adjusted to such a value 
that the current drawn by the grid corresponds to its rated value. 
Measurement of conversion conductance is not applicable to transmitting 
tubes. 

4*1 1.6.2 In practice, measurements may be made on multi-grid 
converter and mixer tubes in a circuit similar to that shown in Fig. 29. 
With grid resistor Ri and grid current as rated, a signal voltage Vg is 
applied to the signal grid 180** out of phase with the voltage applied to 
the oscillator grid. The bucking circuit is adjusted to give zero reading 
of the anode current meter, after which the phase of the signal voltage 
applied to one of the grids is reversed and the reading of the anode current 
meter A -'^a noted. Conversion condutcance ^o is then given by: 



2 V2 • Fg 



4.11.6.3 For precision measurements, the signal voltage applied to 
the signal grid should be held to as low a value as possible, and in no 
case should cause current to flow in the signal grid circuit. For most 
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converter tubes, it is convenient to make Fg equal to 0*354 volt rms. The 
conversion conductance in micromhos is then numerically equal to /\, /» 
in microampheres. 

4.11«6*4 In the circuit of Fig. 29 it should be noted that the trans- 
formers and regulators shall have sufficiently low leakage reactance and 
resistance to maintain exact phase relation between the signal and grid 
driving voltages. The regulators may be variable auto transformers or 
the equivalent. The resistance of the bucking circuit shall be high 
compared to the resistance of the anode current meter (a ratio of 10: 1 
will produce an error of about 10 percent and 100 : 1 will result in an error 
of about 1 percent ) . 

. POTENTIAL 
DIVIDER 

.REVERSING 
, SWITCH 




SIGNAL GRID AwnoV" ^' ANODE 

^'^^ luPm SUPPLY 



C = 5/(JtF /?2 == Anode-Grid limiting resistor 

Cy = 2/nF Vi = ac Voltmeter 0-5 volts 

Ri === Grid leak V^ = ac Voltmeter 0-30 volts 



Ai =» dc Ammeter 0-IA 
A2 = dc Multirange 

Ammeter 0-0-1-1-lOA 



Fig. 29 Circuit Arrangement for Measuring 
Conversion Conductance 



4.11.6.5 The following procedure shall be followed in making con- 
version conductance measurements when a screen-voltage dropping 
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resistor is included in the test circuit to simulate the normal circuit with 
the resistor by-passed: 

a) With the screen resistor in the circuit, adequately by-passed for 
50 Hz current, and with zero signal on the signal grid and 
normal oscillator grid current, read the screen current; and 

b) Remove the screen resistor and apply a voltage to the screen 
equal to the supply voltage minus the voltage drop computed 
from the screen current determined above. 

Then conversion conductance is read in the usual manner. 

4«1 1.6*6 When a tube is to be operated with grid-resistor bias, 
conversion conductance shall be measured with a separate bias, adjusted 
to give the same anode current as would be obtained with the grid- 
resistor bias, 

4*11.6.7 When a tube is to be operated with a cathode bias resistor 
included in the test circuit to simulate the normal circuit with the resistor 
by-passed, the following procedure should be used: 

a) With the cathode resistor in the circuit adequately by-passed for 
50 Hz current and with the correct oscillator-grid current and 
specified grid resistor, the individual currents are read; and 

b) The cathode resistor is removed or short-circuited and bias is 
applied to the control grid. The control grid and screen voltages 
are adjusted to give the same electrode currents as before. 

The conversion conductance is then read in the usual manner for 
each value, of bias resistance. In the measurement of the conversion 
conductance of pentodes and triodes with signal-grid injection, both the 
ac signals shown in Fig. 29 are applied to the signal grid. 

4.11.6.8 Precautions — The 50 Hz voltage shall be reasonably sinus- 
oidal. Voltage regulators of the saturation type should be avoided because 
of waveform distortion. 

The regulation of the screen supply should be such as to have a 
negligible effect upon the current regardless of the phase of the signal 
voltage. For example, the use of a screen source having a dc resistance 
of 10 000 ohms in measurements on ordinary converter tubes may cause 
plus or minus 6 percent voltage variation with a resultant error in 
conversion conductance reading of over 15 percent. 

4.12 Current Divisioia 

4.12.1 Method A ( Long Pulse ) 

4.12.1*! The dc voltages applied to the tube elements shall be as 
shown in the individual detail specification. The pulse duration {t^) shall 
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be 1 000 /ts minimum, or as specified. The pulse recurrence rate ( pra ) 
shall be 1 1 ± 2 pulses per second or as specified. The grid voltage pulse 
is essentially a square wave and its magnitude is adjusted as required for 
either procedure (A) or (B). The input wave shape shall be a /, and a 
it of 25 fjts maximum each, and slope of the top of the pulse may not be 
greater than 5 percent, with a ripple not exceeding O'l percent. The 
basic test circuit is shown in Fig. 30 with the general specification of the 
pulse used shown in Fig, 31. 




Note 1 — Regulated power supplies ( RPS ) shall be capable of maintaining 
the voltage steady over the duration of the pulse. 

Note 2 — The magnitude of the grid voltage pulse ( Vgj ) shall be as read on 
meter Ml which reads V dc. 

Note 3 — Meters shall be accurate to within 1 percent. 

Note 4 — Ryi shall be a mercury wetted contact type relay or equivalent. 

Note 5 — Current monitoring resistors may be sorted out. 

Note 6 — Peak reading devices which measure pulse amplitude may be used in 
place of the oscilloscope. The amplitude of the pulse leading edge shall be measured 
within 30 microseconds. 

Fig. 30 Basic Test Circuit 

4«12«1»2 The magnitude of the grid voltage puJse is adjusted to 
produce the specified anode current at the leading edge of the pulse, 
excluding any spike. The magnitude of the drive voltage pulse ( Fgj ) 
relative to zero level is read and must fall within the limits shown in the 
detail specification. When shown as requirements, the magnitudes of the 
grid current (s) ?gi, /gg, igs and so forth, shall comply with limits shown in 
the detail specification. 
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READING AT LEADING EDGE 
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FiG. 31 General Characteristics of the Pulse 

4.12.1.3 The magnitude of the grid voltage pulse is adjusted to bring 
the grid to zero voltage level during the pulse. The magnitude of the 
pulse anode current ( ^a ) and, when shown as requirements, the grid 
current (s) igi, fgg, igs and so forth, are read at the leading edge, excluding 
spike, and shall comply with the limits shown in the individual detail 
specification. 

4.12.1.4 Pulse duration ( /p ) should be adjusted to a maximum value 
between the specified value stated commensurate with practical limitations 
of the tube element dissipations. 

4.12.2 Method B ( Short Pulse ) 

4.12*2.1 The dc voltages applied to the tube elements shall be as 
specified. The pulse duration ( /p ), pulse recurrence rate ( prr ), and 
type of pulse used shall be appropriate for the tube under test. The 
magnitude of the grid-voltage pulse is adjusted as required for either 
procedure (A) or (B). 

4.12.2.2 The magnitude of the grid-voltage pulse is adjusted to pro- 
duce the specified peak anode current ( i^). The magnitude of the peak- 
grid drive voltage pulse above zero level ( Tgx ) is read and should fall 
within the specified limits. When shown as requirements, the magnitude 
of the peak -grid current (s) /gi, Zgg, /g3, etc, shall not exceed the specified 
limits. 

4.12.2.3 The magnitude of the peak-grid drive voltage pulse is adjus- 
ted to bring the grid to zero voltage level at the peak of the pulse. The 
magnitude of the peak-pulse anode current ( i^ ) and, when shown as 
requireriients, the magnitude of the peak-grid current (s) Zgj, fgg, fgs and so 
forth, are read and shall comply with the limits shown in the detail 
specification. 

4.13 Power Output 

4.13.1 Audio Power Output 

4.13.1.1 The power output of an electron tube is dependent upon 
the direct operating voltage applied to the various electrodes, the external 
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load impedance in the anode circuit, and the magnitude of the exciting 
voltage applied to the control grid. In any case, the operating conditions 
are subject to the maximum safe values placed by the manufacturer upon 
electrode voltages, electrode power dissipation and space current drawn 
from the cathode. 

4.13.1.2 For electron tubes normally used as Glass A amplifiers under 
conditions such that the control grid is not driven appreciably positive 
with respect to the cathode, the power output is the power delivered to a 
resistive load with a sinusoidal input voltage applied to the grid. For tube 
in which the control grid is driven positive, as in Glass B amplifiers special 
consideration shall be given to the impedance in the grid circuit and its 
effect on harmonic distortion. 

4.13.1.3 In general, where harmonic distortion is undesirable, the 
power output available in any particular application will increase with the 
permissible percentage of harmonics. The amount of distortion that may 
be tolerated varies greatly in different applications; consequently no single 
criterion of permissible distortion is acceptable in all cases. A reference to 
the available power output for sinusoidal input should be accompanied 
by a statement of the maximum percentage of distortion present at this 
power output or at lower values of power output within the operating 
range. This percentage of distortion is expressed in terms of the total 
distortion, or the individual harmonic components of output current may 
be expressed separately as percentages of the current of fundamental 
frequency. Usually, the second and third harmonics will suffice, but 
higher order terms should be given where they are of the same order of 
importance as the second and third harmonics. 

4.13.1.4 A circuit for the measurement of power output of a tube in 
a single-ended output stage is shown in Fig, 32. An iron-cored choke L is 
employed for shunt feed in the anode circuit; care should be exercised in 
its selection or design to avoid the generation of harmonics in it as a result 
of the non-linear and hysteretic behaviour of the iron. A commercial type 
harmonic analyser is recommended. The power output may be calculated 
by knowing the load resistance R and the rms current through it. 

4.13.1.5 The techniques used in the measurement of power output 
in push-pull operation are basically similar to those employed for single- 
ended operation, but some additional precautions should be observed. 
Gare should be taken to ensure that the input transformer produces 
voltages that are equal, opposite in phase and without harmonics. These 
requirements are most readily met if a transformer is of adequate size for 
the power required and has low leakage inductance between windings. 

When the grids are driven positive, as in Glass AB or Class B oper- 
ation, the effective resistance and impedance of the driving source shall be 
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specified. The effects of regulation of the power supply voltages, including 
grid bias are particularly important in Class AB and Glass B operation. If 
a centre-tapped iron-cored choke is employed for shunt-feeding the anode 
circuit, it should be designed so that the two halves of the winding have 
the same dc resistance, the leakage inductance between the two halves of 
the winding is low and the iron core is of adequate size and correct 
material to avoid the generation of harmonics. The measurement data 
about push-pull stages using self-bias should state whether the cathode 
resistor was by-passed. 

LOW PASS 
FILTER 




Fig. 32 Circuit Arrangement for Measuring Power 
Output of a Tube 

4.13.2 R, F, Power Output ( Negative Grid Power Tubes ) 

4.13.2.1 This test is to measure that part of the total radio-frequency 
output power flowing from the tube output terminals into the matched 
resistive load. A recommended schematic is shown in Fig. 33. 

4.13.2.2 Method A {for power amplifier ) 

The grid bias shall be set to the specified value or adjusted for maxi- 
mum output. If power gain is to be determined, grid bias shall be set as 
specified. 

The anode and screen supplies are applied and adjusted to the specified 
values. 

The tuning and output coupling shall be adjusted to obtain the highest 
possible output power. 

If specified, the driving power, or input RF power given by the 
difference between the forward and reflected values measured by the 
reflectometer, shall be set as specified. 
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The following shall be specified in the relevant detail specification: 

a) Electrode voltage, 

b) Electrode currents or ranges of currents, 

c) Frequency of the RF output. 

d) Maximum allowable driving power. 



DRIVER 



REFLECTOMETER 



RF INPUT 
CIRCUIT 



L 



RF OUTPUT 
CIRCUIT 



^TUBE UNDER TEST 



FREQUENCY 
METER 



POWER METEi? 



MATCHED RES(STIVE 
LOAD 



SET-UP FOR METHOD A 



( Neutralization of inherent feed back may be accomplistied 
by known techniques to maintain stable tube operation ) 



/ 
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RF CIRCUIT 



FREQUENCY METER 



POWER 
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MATCHED RESISTIVE 
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UBE UNDER TEST 



SET-UP FOR METHOD B 



Fig. 33 Measurement of RF Output Power Negative 
Grid Power Tubes 

4,13.2.3 Method B {for self-excited oscillator ) 

The electrode voltages shall be adjusted to the specified values and 
the grid current is observed to ensure that it does not exceed the specified 
value. 

The anode to grid feedback, and the output coupling shall be adjusted 
to obtain the highest possible output at the specified values of anode and 
grid currents. 

The following shall be specified in the relevant specification: 

a) Value of grid bias resistor, 

b) Electrode voltages, 

c) Anode current and range of grid current, and 

d) Frequency of oscillation ( may be as specified or higher ) 
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4.13.2.4 Alternative methods 



Methods alternative to those of Methods A and B shall be similar 
except that the adjustment shall be made in order to obtain at least the 
specified value of output power, the electrode currents being within 
specified values. 

The following shall be specified in the relevant detail specification: 

a) Electrode voltages and value of grid resistor for oscillator, 

b) Frequency of RF output, 

c) Required level of output power, 

d) Maximum value of anode current, and 

e) Range limits for grid ( and screen grid ) currents. 

Note I — Grid bias is not specified as tube is operated as Class C and the bias 
would vary from tube to tube. 

Note 2 — No reflectometer is needed to measure power output if a matched 
resistive load is used. 

4.14 Electrode Dissipation 

4.14.1 Anode Dissipation — When the tube is operating under steady- 
state conditions, the anode dissipation is given by the product of mean 
anode current and anode voltage. In other cases, if reasonably accurate 
anode dissipation figures are required, thermocouple method may be 
used. In this method use is made of the heat radiation from the anode 
which is not only due to anode dissipation but also partly due to dissipa- 
tion at various other electrodes. Hence the accuracy of this method 
depends upon the extent to which the other electrodes contribute towards 
raising the temperature of the anode. 

4.14.1.1 The anode radiation may be collected from one side of the 
anode at a time by means of a conical tubing with reflecting walls and 
the energy focussed upon a thermocouple. The anode is then supplied 
with dc power under static conditions to duplicate the previous thermo- 
couple readings and the dc power supplied will be equivalent to the anode 
dissipation. 

4.14.2 Grid Dissipation — Information on grid dissipation in power tubes 
is important to ensure that the grid is operated below the point at which 
primary emission becomes excessive. The method of measurement given 
here is applicable only at frequencies low enough so that electron transit 
time is negligible. It should be borne in mind that grid dissipation is a 
component of, but not the same as, grid driving power. 

4.14.2.1 The grid dissipation may be calculated if the peak alterna- 
ting grid voltage is known. This may be measured with the help of a 
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tube voltmeter. The product of 09 times the direct grid current and the 
peak positive excursion of the grid voltage with respect to the cathode is 
the approximate grid power dissipation. This method is subject to error 
if secondary emission is appreciable. 

4.15 Measurement of Envelope Temperature 

4.15.1 Introduction — Unless the position for the measurement of the 
envelope temperature of the tube is specified it should be taken at the 
hottest point of the envelope. The possibility that high temperature 
gradients may exists should be recognized in probing for the point of 
highest temperature. This will normally be opposite to the centre in the 
case of sub-miniature tubes and may be at the foot of the tube in the case 
of some tube with flying leads. Particular care should be taken when 
carrying out the temperature measurement of the tube envelope since all 
the known methods are liable to errors which can be significant where 
long life is concerned. If temperature-sensitive paints or crayons are 
used to check the temperature, inaccuracy might occur due to contamina- 
tion by dirt or moisture or by the mixing of different colours. In such 
cases, it may be necessary to take note of the timing since some colour 
changes are very dependent on heating time. Paints and crayons which 
indicate the temperature by melting are less dependent on heating time 
and avoid subjective judgements of colour shades. Before using any 
temperature-sensitive methods, the manufacturer's instructions should be 
carefully studied. If a thermocouple or similar device is used, the errors 
may be caused by bad thermal contact between the tube and the thermo- 
couple. 

4.15.2 Measurement Methods — The methods used for measurement differ 
in accuracy and convenience of use depending on the particular circum- 
stances and the manner of rating of the tubes. The following two methods 
are indicated for: 

a) measurement of temperature at a specified point on the envelope, 
or 

b) measurement of average circumferential temperature. 

4.15.2«1 Temperature at a point — The measurement of temperature at 
a specified point on the envelope of a tube needs the use of a thermo- 
couple. To attain the highest degree of accuracy, it is important that: 

a) the thermocouple be constructed of strip or wire of small cross- 
section, for example, wires of the order of 0*1 mm diameter but 
not greater than 0'13 mm; 

b) the wires adjacent to the junction should be held in good ther- 
mal contact with the tube envelope to minimize the cooling of 
the junction by conduction or radiation; and 
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c) area of contact of the thermocouple with the envelope should be 
as small as possible. 

4,15.2*2 Average circumferential temperature — In this case also, 
thermo-couple is used and the wires of the thermocouple shall be welded 
to two diametrically opposite points on a close fiiting phosphor bronze 
split ring. Such a typical ring shall have a cross-section of 2*5 x 0*5 mm 
and should fit tightly around the envelope. Depending on the design of 
the envelope and the ambient conditions, this method will give tempera- 
ture readings approximately 10 to 20°G lower than the method specified 
in4-15.2.1. 

4*15.2*3 In certain cases where neither of the methods described 
in 4.15.2.1 and 4.15.2.2 can be used, for example, where the envelope is 
surrounded by a screening can, it may be necessary to make use of the 
less accurate method employing temperature indicating paints. 

4*16 Equivalent Noise Resistance 

4.16.1 The main causes of noise in tubes used in intermediate-frequency 
(IF) and the radio-frequency ( RF ) amphfiers and mixers are due to 
shot effect and partition noise. This noise is considered to be in the same 
frequency band as that over which the amplifier operates. In the case of 
a frequency changer, it is more complex, but in practice the noise is again 
considered to occupy only the signal frequency band and not the image 
frequency band or the IF band. This noise does not include flicker effect 
which occurs mainly in the audio-frequency band and which may extend 
up to about 1 MHz neither does it include grid noise eflfects which become 
significant at frequencies above 20 MHz. The results of measurement 
within the frequency range of I to 20 MHz will be substantially the same. 

4.16.1.1 The method of measurement specified is not directly appli- 
cable to frequency changer tubes unless the input circuits are modified to 
restrict to the specified input bandwidth. 

4.16.1.2 Measurement of equivalent noise resistance is not applicable 
to transmitting tubes. 

4.16.2 A typical set-up, with which equivalent noise resistance of a tube 
may be measured, is given in Fig. 34. 

4.16«3 With the noise diode filament supply turned oflT and the 
attenuator short-circuited, the gain of the amplifier, whose bandwidth 
should lie well within the specified frequency limits, is adjusted to give a 
convenient reading on the indicating devise of the noise produced by the 
tube under test. 
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Fig. 34 Set-up for Measuring Eq,uivalent Noise Resistance 

4.16.4 The noise diode and the attenuator are then switched into 
circuit and the current of the noise diode is adjusted until the reading on 
indicating device is the same as the previous one. Under this condition, 
provided that the noise contribution of the amphfier following the tube 
can be neglected, the following equation applies: 



where 



^^ 2kT ^ 



iJ^Q = equivalent noise resistance; 

e = charge of the electron = 1*60 X 10~i9 coulombs; 

/(X == current through the noise diode, in amperes; 

i?8 = the load resistance of the noise diode ( ohms ); 

k = Boltzmann's constant = 1'38 x 10"23 joules per degree 
kelvin; and 

T — absolute temperature of the noise diode resistance in 
degree kelvin, 

4.16.4.1 /?eq is normally quoted for the value T=290°K. 

4.16.4.2 If the temperature of the noise diode resistance K differs 
appreciably from 290**K, a correction should be made. 

4.16.5 Disadvantages of this method of measurement are as follows: 

a) The input capacitance of the tube being measured has a shunting 
effect upon the noise diode resistance; usually this effect is small 
for values of load resistance up to about 500 ohms. 

b) Difficulties may arise due to feedback through the anode to grid 
capacitance of the tube being measured. 

4.16.6 A suitable circuit diagram for the first two stages ( noise diode 
coupled to tube under test ) is given in Fig. 35. 
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Fig. 35 Typical Circuit Diagram for Measuring Equivalent 
Noise Resistance 



4.16.6.1 The tube under test, is first set up to the required current 
conditions by adjustment of the cathode resistor JR^. Typical values of 
the resistors Ri in the diode circuit and R^ in the grid circuit of the tube 
being measured are: 

100 fl and 1 M fl respectively for values of Rcq between 100 Q and 
2 GOOD 

700 CI and 1 M ii respectively for values of Rcq between 2 000 Q and 
100 000 a 

4.16«6.2 In carrying out measurement in this circuit, the following 
precautions should be observed: 

a) The centre frequency of the pass-band of the amplifier and its 
associated circuits should be sufficiently high to avoid the effect 
of flicker noise and sufficiently low to avoid the effect of induced 
grid noise. 

b) The amplifier and the indicating device following the attenuator 
should be capable of handling, without distortion, signals whose 
peak value is approximately ten times that of their greater mean 
value. 

c) In view of the high gain necessary in the amplifier circuit and of 
the low signal level of the order of one microvolt encountered in 
this measurement, care should be taken to provide adequate 
screening to avoid unwanted pick-up and feedback* 
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d) In the case of tubes having a high mutual conductance and a 
relatively large anode-gride capacitance Cag, the difficulties caused 
by unwanted feedback may have to be eliminated by the use of 
normal neutralization techniques. 

e) If the temperature of the noise diode resistor is different from 
290'K, its value should be noted and a correction applied. 

f ) All resistors associated with the input circuit of the tube under 
test shall be of a low noise type. 



4*17 Audio Frequency Noise and Microphones 

4.17.1 The tube under test shall have the specified operating potentials 
applied to all elements and shall be tested in an acoustic chamber, with 
a 180 mm ( approximately ) or 200 mm ( approximately ) diameter speaker 
having a nominal free- air- cone-resonance of 70 Hz or lower, and a power 
rating of 5 watts, minimum, mounted on the 280 by 450 mm closed end 
and facing inward, and the tube test socket mounted approximate 80 mm 
from the opposite open end. The top and sides of the acoustic chamber 
shall be free and clear of all material that might affect the acoustic 
characteristics. The anode of the tube under test shall be coupled through 
a I ftF capacitor to an audio amplifier having an input resistance of 
approximately 100 000 ohms and a response characteristic between 60 
and 5 000 Hz, flat within ± 2*0 dB of the 400 Hz response with a resistor 
load substituted for the speaker. The power amplifier shall be capable of 
delivering 5 watts with less than 10 percent distortion. The speaker shall 
be coupled to the output of the amplifier so as to present rated load to 
the amplifier. The output indicator shall be a standard VU meter. The 
VU meter with its attenuator shall be bridged across a suitable tap on the 
output of the amplifier. The VU meter may have the dial calibrated in 
electrical or arbitrary units, but the attenuator shall be designed to retain 
the ballistic characteristic specified for the VU meter. The callibrated 
points used for setting the amplifier gain shall be the rejection points and 
shall be determined for each test set on the basis of the power in the 
resistor load only. At 400 Hz and 50 mW the resistor shall have been 
adjusted to the same impedance as the voice coil for which it is substitu- 
ted. The amplifier gain shall be adjusted ( without the tube in the test 
socket ) to give the specified output with the specified calibration voltage 
at 400 Hz applied to the anode terminal of the tube test socket. The 
calibrating voltage shall be removed and the tube under test inserted 
( see Fig. 36 ). When operating under the above conditions, the tube shall 
be tapped, with a mallet on mechanical tapping device, at least three 
times in each of two directions which are at right angles to each other. 
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i?g = Grid resistor 
SW = Transfer switch 

1 — Calibrate 

2 — Test 

'J = Tapped auto transformer 



A — Audio amplifier 

Q — 4 tJiF capacitor { Min ) 

CJ^ = Coupling network 

Felg ^ 400 Hz signal source 

LS = Loudspeaker 

MX — Voltmeter 

M2 — Output meter connected to 
Tad with rated impedance 

Fig. 36 Audio Frequency Noise and Microphonics Test 

4»17,2 Objectionable noise or microphonism shall be defined as: 

a) Background noise, sustained microphonic, or oscillation over 
2 seconds in duration having greater than \ mW output power 
level. 

b) Clicks or scratchy noise of any sort. 

4,17.3 When operating under the above conditions, no objectionable 
noise or microphonism shall be evident either with the tube at rest or 
when it is tapped. 

Note — The ballistic deflection as indicated by the output meter shall not 
exceed the maximum output specified. 

4.18 Hiss and Hum 

4*18.1 General — Measurement of hiss and hum is not applicable to 
transmitting tubes. 

4.18.1.1 Hiss — The hiss is expressed as an equivalent rms grid 
voltage and should be measured by a device reading true rms voltage. 
Unless otherwise stated, the measuring circuit should have a frequency 
characteristic which does not deviate by more than 3 dB from its response 
at 400 Hz over the range between the half-power points 25 and 10 000 Hz. 
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The rate of decrease outside the frequency range should be approxima- 
tely 6 dB per octave. The operating conditions of the tube shall be 
clearly specified, including the impedance of the external connections to 
all electrodes. 

4.18.1.2 Hum — The hum is expressed as an equivalent rms grid 
voltage and should be measured by a device reading tube rms voltage. 

The ac filament heater supply should be nominally 50 Hz, the 
harmonic content of which shall be known. 

The hum should be measured through a filter having an agreed 
passband. This may be either a low-pass filter having a sharp cut-off at 
approximately 600 Hz or for certain purposes an ear filter. This latter 
filter is useful where the actual audible result of the hum is required to 
be assessed, although in this case, where the hum con- tent is very low, 
the figure obtained may be influenced by the presence of hiss. 

The operating conditions of the tube being measured shall be clearly 
specified, including the impedances of the external connections to all 
electrodes and any ac or dc voltage between filament or heater and the 
cathode. 

4,18.2 Measuring Circuit — Fig. 37 shows the block diagram of the 
measuring circuit used for these measurements. 



TRUE RMS READING OUTPUT METER M 



FIRST 

ATTENUATOfT 

(VARIABLE) 



Si 



TUBE 

UNDER 

TEST 




Fig. 37 Block Diagram of Hiss and Hum Measuring Circuit 



A typical circuit diagram is shown in Fig. 38. 

4.18*3 Measuring Procedure 

4.18.3.1 Calibration of the amplifiers — The specified dc supply vol- 
tage should be applied to the heater by means of the switch 5a. A known 
signal voltage E^ ( approx 3 mV ) from the 400 Hz signal generator 
should then be applied to the control grid of the tube under test keeping 
the attenuation of the second attenuator at a sufficiently large value Dq 
expressed in decibels. The deflection M of output meter should be 
adjusted to a certain value E^ (say dB ) by the adjustment of gain of the 
second amplifier. 
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T — Tube being measured. 

/?a, ^tt R%i -Rk* ^s, ^sg =* Resistors ( values to be stated. Resistors ^a and i?g should 
be of a type which does not introduce additional noise ). 
Cq, Ck, Cgg = Capacitors ( values to be stated ). 
Su ^2> ^s ~ Switches. 

Ei)\) = Anode dc voltage source ( value to be stated ). 
V&c = AC heater voltage source ( value to be stated ), 
Fclc — DG heater voltage source ( the same value ac Vac ). 

Fig. 38 Typical Circuit for Measuring Hiss and Hum 



4.18.3.2 Measurement of kiss noise-voltage — After the calibration 
process mentioned in 4.18.3.1, the input signal voltage should be removed 
by opening the switch Sj, The deflection M of the output meter should 
be again adjusted to the same value ^o (say dB ) as in 4.18.3.1, by 
decreasing the attenuation of the second attenuator to a value Di expres- 
sed in decibels. The value of the hiss noise-voltage j^^iss expressed in 
decibels ( with respect to an arbitrarily chosen reference voltage ) at the 
input terminal of the tube being measured is found from the following 
formula: 



20 1og^'?fi- 



^0 + A 



The above equation holds true only if the hiss is negligible when 
compared to the calibrating signal. A reasonable accuracy to be expec- 
ted is approximately 10 percent. 
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4.18.3.3 Measurement of hum noise'Voltage — After the measurement 
of the hiss noise-voltage, the filter {see 4*1»,1.2 ) should be switched in 
circuit and the specified ac voltage should be supplied to the heater by 
means of the other contacts of the switch S^* The deflection Af of the 
output meter should be again adjusted to the same value E^ as in 4.18.3.1 
by changing the attenuation of the second attenuator to a suitable value 
7)2. The value of the hum noise-voltage ^^iium expressed in decibels ( with 
respect to an arbitrarily chosen reference voltage ) at the input terminals 
of the tube being measured is found from the following formula: 

The above equation holds true only if the hum is negligible when 
compared to the calibrating signal. A reasonable accuracy to be expec- 
ted is approximately 10 percent. 

4.18.3.4 Measurement of hiss and hum nois€*vottage — Combined hiss 
and hum may be measured in accordance with 4.18.3.3 above, but with 
the heater of the tube connected to an ac supply, 

4.18,4 Precautions — The following precautions are applicable: 

a) Each measurement should be made at least three minutes after 
the application of the heater voltage. 

b) It is important that the ripple in the supply voltages be negligi- 
ble, 

c) If an internal shield exists in the tube under test, it should be 
grounded. 

d) Care should be taken to shield the tube under test from stray 
magnetic and electric fields. 

e) Unless otherwise specified, it is customary to ground the lower 
numbered heater pin. The switch S^ allows either side or any 
other point of the heater to be grounded. 

f ) The socket used for the measurements has considerable influence 
on the results obtained owing to stray capacitance and leakages. 
Therefore, for standardization and comparison purposes, a fully 
shielded socket should be used. It is recognized that, because 
of differences in commercially available sockets, the hum and hiss 
produced by a particular tube in an equipment may be different 
from the values obtained by the recommended method of 
measurement. 

4.19 Conversion Resistance 

4*19.1 For a resistance-ratio method a simplified diagram for the 
measurement of the conversion resistance is given in Fig. 39. The dia- 
gram does not include the power sources required for operating the tube 
under test. 
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Fio. 39 Simplified Circuit for Measurement of 
Conversion Resistance 

4*19.2 The oscillator voltage Vqbq is applied to the same grid as that to 
which it is applied for the actual function of the tube. This is a special 
grid in the case of multiplicative mixing, whereas the signal grid serves as 
a mixer grid also in the case of additive mixing. The signal voltage is 
assumed to be small for the determination of all mixer characteristics; 
therefore, its influence can be neglected for the measurement of the con- 
version resistance and only the oscillator voltage Vqbo is to be taken into 
account. 

4.19.3 The frequency /m at which the conversion resistance is measu- 
red should be low enough with respect to the oscillator frequency foso, in 
order not to influence the measuring result and to allow adequate 
separation in the output circuit. 

4.19.4 Under conditions of balance, the conversion resistance r( c ) is 
derived from the equation: 



r(c)- 



i?2 Xi?3 



4.20 Intermodulation Products in Transmitting Tube 

4.20*1 Intermodulation is unwanted generation of power at new non- 
harmonic radio frequencies as the result of simultaneous application of 
power at two or more frequencies to a non-linear amplifying electron 
device. Measurement of the level of the intermodulation products provides 
an indication of the distortion caused to an input signal by a tube as the 
result of non-linearity of its transfer characteristics. 

4,20.2 Methods of Measurements 

4.20.2.1 The two-frequency or two-tone method is the recommended 
method for measuring intermodulation products of transmitting tubes. 
Two equal amplitude radio frequency signals applied simultaneously to 
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the input of the amplifier tube, produce, at the output, fundamental com- 
ponents of substantially equal amplitude at radio frequencies/i and/g and 
in addition, intermodulation products. 

4.20.2.2 The frequencies of the intermodulation products are equi- 
valent to p/i 4- ^l/a and p/i — q/2 wherein the coefficients p and q are any 
positive integers. 

4.20.2.3 Only the intermodulation components having integral coeffi- 
cients v^hose difference is unity ( p — q = 1 ) fall within the passband of 
the output circuit or near enough to it to have an appreciable amplitude. 

jfijoTE — In high-power transmitting tube measurements, care should be taken 
to ensure that no intermodulation products originate in the measuring equipment 
because of overloading. This may require careful shielding of the measuring 
apparatus. 

4.20.2*4 Furthermore, if modulation techniques are used to develop 
the two- frequencies y*! and/a* ^^re should be taken to ensure: 

a) that no modulation products arise in the low-frequency equipment 
or during the process of modulation; 

b) that the modulation frequencies are neither harmonically related 
nor related in such a fashion as to produce intermodulation having 
frequencies so near to each other that they cannot be resolved, 

4.20*3 Choice oj Frequencies 

4.20.3.1 The two input frequencies should be chosen with care so 
that the intermodulation products fall in clear channels. 

4.20.342 The preferred frequencies lie between 1 MHz and 10 MHz. 

4.20.3.3 The frequency separation of /i and f^ is usually between 
400 Hz and 3 000 Hz. 

4.20.4 Basic Circuit 

4.20.4.1 A recommended circuit is shown in Fig, 40. 

4.20.4.2 No negative feed back is to be used in the measurement 
circuit except that the amplifier may be neutralised if necessary for stable 
operation. 

Note — Feedback may be used in equipment operation to compensate for non- 
linearity but it shall not be used in the tube measurements. 

4.20.4.3 The power supplies to the tube being measured shall be 
adequately decoupled and well regulated. 

4.20*4.4 This applies particularly to the grid supplies which shall be 
regulated to ± 1 percent unless otherwise stated, 
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Fig. 40 Basic Circuit for Measurement of Intermodulation 
Products in Transmitting Tubes 

4*20«4«5 As the amplifier input impedance varies with the drive level 
the internal impedance of the driving stage should be less than 10 percent 
of the input impedance. The drive impedance shall be stated. The spectrum 
analyser which is coupled to the output circuit shall be capable of clear 
resolution of all intermodulation products when 60 dB below either fund- 
amental signal. 

4.20»5 Measurements ( Peak Envelope Power ) {P, E. P*) 

4.20.5.1 In making measurements, the sequence below shall be 
followed: 

a) No negative feedback shall be used in the measurement unless 
required for stable operation. 

If neutralisation is needed the fact shall be stated; any adjustment 
shall be made with no anode current flowing, preferably under cold condi- 
tions and no further adjustment shall be made thereafter. 

b) The stated conditions are adjusted to without r,f. drive. After the 
no signal current { /ao ) is stable, the next step is followed. 

c) Single- frequency r. f. drive is applied, Keeping screen current 
within the allowed range, drive level and the variable parameters 
are adjusted simultaneously ( tuning and coupling in the output, 
etc ). Thereafter, these adjustments remain fixed, 

d) Single-frequency input is reduced by 6 dB and tow-frequency 
signal is switched. Keeping the input signals at equal amplitude, 
the level of drive is adjusted to achieve the same value of peak 
envelope power as before. 
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On the spectrum analyser the intermodulatioa ratio is measured 
identifying the order as necessary. 

e) The intermodulation ratio is observed whilst the level of drive is 
varied. The intermodulation ratio is measured at the highest level 
of intermodulation product and the tube operating conditions 
including load impedance and Q, factor of the output circuit, are 
stated. 

4.21 Filament Burnout 

4.21.1 The purpose of this test is to ensure that the filament suspen- 
sions is designed such that when the filament opens, no permanent short 
circuit occurs between the filament and any element carrying anode voltage, 

4.21.2 Raise the Vf until the filament opens. Test for shorts from 
the filament to elements carrying V + voltage. 

4.21.3 If a short circuit is indicated it shall not pass a current in 
excess of five times the rated filament current without burning out the short 
circuit. 

4.21.4 This is a destructive test. 

4.22 Bump 

4.22.1 This test is normally used to check the brittleness of the filaments 
in tubes having thoriated tungusten filaments and to check the quality of 
ceramic insulators. 

4.22.2 Each tube shall be mounted in a vertical position in the test 
equipment. No electrical potential shall be applied to the tube during the 
test. The test shall be carried out in accordance with the methtod specified 
in IS: 589-1961*. 

4.23 Mechanical Shock 

4.23.1 The object of this test is to determine the structural integrity and 
performance of tubes when they are subjected to mechanical shock. The 
test shall be carried out in accordance with the method specified in IS : 589- 
1961* in addition to the condition specified below. 

4.23.2 Conditions of Application of Shock 

4.23.2.1 Shock impulses shall be applied to the tube in four directions 
successively, that is: 

a) With the main axis of the tube and the major cross-section of the 
electrode assembly at right angles to the direction of the acceler- 
ating force; 
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b) With the main axis of the tube at right angles to and with the 
major cross-section of the electrode assembly parallel to the 
accelerating force; 

c) With the main axis of the tube parallel to the direction of the 
accelerating force and with the principal base of the tube facing 
the accerlating force; and 

d) With the main axis of the tube parallel to the direction of the 
accelerating force and with the principal base of the tube facing 
away from the accelerating force. 

4.23.2.2 The tube to which the shock is to be applied is suitably 
clamped so that the shock is transmitted to the whole tube. It must not 
be applied via the base pins only. This may be achieved either by clamping 
the tube or by embedding in wax in a rigid container. Care must be taken 
to ensure proper transmission of shock to the tube. 

4.23.3 Measuring Conditions 

4.23.3.1 Tubes shall be subjected to shock in accordance with one 
or more of the defined conditions which may be as follows: 

a) with the tube cold, that is no voltages applied; 

b) with defined voltages applied to the electrodes; or 

c) with the required filament or heater voltage applied and short- 
circuit indicators connected to the various electrodes ( see 
Appendix A ). 

4.23.4 The tube shall meet the laid down specification before and afier 
the test. 

4.24 Vibration 

4.24.1 The purpose of this test is to determine the effect on component 
parts of vibration in the specified frequency range. The test shall be carried 
out in accordance with the method specified in IS : 589-1961* in addition 
to the conditions specified below, 

4.24.1.1 Fixturing and control points — For each axis of vibration, the 
tube under test shall be rigidly mounted on a suitable fixture that is free 
from mechanical resonance over the test frequency. The test fixture shall 
not cause attentuation of the energy level exhibited at the platform using 
accepted standards of measurements for calibration of the shock level and 
time duration. The tube may also be mounted directly on the vibration 
table. If a fixture is used, it shall be so designed as to transmit the acceler- 
ation along the required axis. The vibration input shall be monitored and 
controlled at a point on the fixture close to the attachment points of the 
tube. 
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4.24.1 .2 Low-frequency {25 Hz) vibration — The tube shall be rigidly 
mounted on a table vibrating with simple harmonic motion at a frequency 
of 25 it 2 Hz with a fixed amplitude o^ 1*016 ± 0*063 mm ( total excur- 
sion of 2*032 ± 0127 mm). Each tube shall be vibrated in positions 
' X' and ^T\ except that if the cumulative result of tests on 50 or more 
tubes of a construction shows that more than 75 percent of the tubes have 
higher output voltages in one position, subsequent measurements shall be 
taken only in the position giving the higher readings. The voltages 
specified in the detail specification shall be applied to the tube during 
vibration. The value V^ under test conditions shall be regarded as ri,(a) 
and shall be applied to the tube through the specified resistor, /?(a)» The 
impedances of anode and screen voltage supplies shall not exceed that of 
a 40 /xF capacitor at 10 Hz ( Preconditioning of the tube at these voltages 
is permissible ). The value of the alternating voltage F^ ( rms ) produced 
across the resistor { R^) as a result of vibration shall be measured with 
a suitable device. This device shall have an appropriate voltage range 
and shall have the ability to measure with an error of less than 10 per- 
cent, the rms value of a sine wave of voltage of all frequencies from 20 to 
5 000 Hz. Thermal or VU meters may be used provided the shunting 
effect on the anode load does not result in error greater than the 10 per- 
cent allowed above. Unless otherwise specified, each tube shall be 
vibrated for a time necessary to obtain a stable reading of output voltage 
or for a maximum period of 30 seconds in any one position. The stable 
reading shall not exceed that specified in the detail specification. How- 
ever, if at the end of 30 seconds, the average value of the meter reading 
exceeds 50 percent of the maximun specified voltage and is increasing, the 
tube shall be vibrated for a total time of 3 minutes, and the tube rejected 
if the average value of the meter reading at the end of this period exceeds 
the maximum specified voltage. When this test is conducted no measure- 
ment is made of output voltage; each tube shall be vibrated for 60 seconds 
each in positions ^ X' and ^ T\ The test shall not result in tap or 
permanent shorts or defects which will cause the tube to be inoperable. 

^ ,2^ A *7i High-frequency {50 Hz) vibration — The test shall be 
conducted as specified in clause 4.24.1.2, except the frequency of the 
vibrating table shall be 50 ± 2 Hz, Upon completion of the test, the tube 
shall comply with the criteria specified in 4.24.1,2. 

4.24.1.4 Operation vibration — The tube shall be vibrated in accor- 
dance with 4.24.1.2 with the specified operating conditions applied, 
A test load shall be arranged to pick up some power output from the tube. 
If the load is not vibrated with the tube, it shall be arranged so that the 
frequency pulling of the tube is negligible compared to the variation in 
frequency due to the vibration of the tube. The total radio frequency 
spectrum, including any permanent change in frequency shall not exceed 
the limit specified in the detail specification. For klystrons, the test 

60 



IS X 4147 - 1981 

load, as seen by the tube, shall be as specified in the detail specification. 
Spectrum bandwidth determination shall be made during the test, with 
the operating conditions held unchanged. 

4*24.1.5 Non-operating vibration — The tube shall be vibrated at the 
specified frequency and acceleration in accordance with 2.24.1.2. The 
conditions of operation before and after vibration including the adjustment 
of the tunes mechanism and reflector voltage shall remain unchanged. 
The difference between the oscillation frequencies before and after 
vibration shall not exceed the limit specified. 

4.24.1.6 Sweep-frequency vibration — The tubes shall be fastened 
rigidly to the vibration platform and vibrated with simple harmonic 
motion over a frequency range of 50 to 2 000 Hz at peak acceleration 
value specified in the detail specification. If not specified, the peak 
acceleration shall be 100 m/sec^. The acceleration over the frequency 
range shall be within 10 percent of the referenced acceleration at 100 Hz. 
At all frequencies from 50 to 2 000 Hz the total harmonic distortion of 
the acceleration waveform shall be less than 10 percent. The frequency 
shall increase from 50 to 2 000 Hz with approximately logarithmic 
progression versus time and shall require 4 minutes minimum, 5 minutes 
maximum, to traverse the range. Each tube shall be vibrated in positions 
X and Ty except that if the cumulative results of tests on 50 or more tubes 
for given construction show that more than 75 percent of the tubes have 
a higher output voltage on one position, subsequent measurements need 
only be taken in the position giving the higher readings. For special 
construction tubes, vibration positions shall be indicated in the detail 
specification. 

Receiving tubes — Receiving tubes shall be tested in accordance with 
as mentioned above, except that the frequency range shall be traversed 
in I minute minimum, 3 minutes maximum. The specified voltages 
shall be applied to the tube during vibration. The value of V^ under 
test conditions shall be regarded as Fu(a) and shall be applied to the 
tube through the specified resistor i?a. The value of the alternating 
voltage, F'a(rms) produced across the resistor R^^ as a result of vibration, 
shall be measured with a suitable device. This device shall have an 
appropriate voltage range and shall have the ability to indicate with an 
error of less than 10 percent the rms value of sine wave at all frequencies 
as specified below. The voltage V^ ( rms ) shall be capacitance coupled 
to the measuring system consisting of cables, amplifier, low-pass filter, 
and indicator. Input impedance of the measuring system shall have a 
minimum value of at least 10 times the resistor, /?& at 10 kHz. Combined 
frequency response from the capacitor input through the amplifier and 
filter shall be flat within ± I dB from 50 Hz to 10 kHz, as referenced at 
1 kHz shall be down 10 ± 2 dB at 15 kHz and down 20 ± 3 dB at 20 
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kHz. The impedance of the anode and screen voltage supplies shall not 
exceed that of a 40 /iF capacitor at 10 Hz, The value of Fa ( rms ) shall 
not exceed the limit specified at any point in the sweep-frequency range 
nor shall this result in open circuits, permanent shorts, or tap shorts. 

4.24.1.7 Sweep' frequency vibration fatigue ( destructive test ) — The tubes 
shall be fastened rigidly to the vibration platform and vibrated with simple 
harmonic motion over a frequency range of 50 to 2 000 Hz at a peak 
acceleration value of 100 m/sec^. The acceleration over the frequency 
range shall be within ± 25 percent of the referenced acceleration at 50 Hz. 
The frequency of vibration shall be varied from 50 to 2 000 Hz and back 
to 50 Hz with the period of the sweep cycle being 10 minutes minimum to 
20 minutes maximum. The tubes shall be vibrated for a total of 6 hours, 
that is, 2 hours in each of three planes, X, T and Z- ^^^ special construc- 
tion tubes^ vibration position shall be specified in the detail specification. 
Only rated filament or heater voltage shall be applied. Tubes which show 
one or more of the following defects shall be considered failures: 

a) Tubes which show permanent or tap shorts or open circuits follo- 
wing sweep-frequency fatigue test. 

b) Tubes which do not comply with post-sweep-frequency vibration 
fatigue limits as specified in the detail specification. 

4«24*1.8 Variable- frequency vibration — The tubes shall be vibrated 
under the conditions specified for low-frequency vibration and position 
v^ shall be added. The tubes shall be vibrated at a constant amplitude in 
each of three positions through the frequency range from 10 to 50 Hz and 
back to 10 Hz. The time for gradually covering the range from 10 to 
50 Hz and back to 10 Hz shall be 3 to 15 minutes. Each tube shall be 
vibrated for 60 seconds at the frequency which gives the maximum vibra- 
tion output voltage in each of the three positions. If at the end of 
60 Seconds, the vibration output is increasing, the vibration shall be 
continued until there is no further increase. The tubes shall not show 
vibrational output in excess of the maximum limit specified. The test shall 
not result in tap or permanent interelectrcde shorts or defects which cause 
the tube to be inoperable. 

4.24.1.9 Vibration'fatigue test ( destructive test ) — The tube shall be 
rigidly mounted on a table vibrating with simple harmonic motion at a 
frequency of 25 ± 2 Hz with an amplitude of 102 ± 0*06 mm ( total 
excursion of 2*04 ± 0*12 mm ) or any equivalent combination of frequency 
and excursion resulting in 25 m/sec^ applied to the tube under test. The 
tubes shall be vibrated for a total of 96 hours, 32 hours in each of three 
positions, X, T and Z- Only rated filament or heater voltage shall be 
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applied. Tubes which show one or more of the following defects shall be 
considered failures: 

a) Tubes which show permanent or tap shorts or open circuits 
following vibration-fatigue test. 

b) Tubes which do not comply with post-vibration-fatigue limits 
specified in detail specification. 

4.25 Life Tests 

4*25«1 Cathode Interface Life 

4«25«1«1 Measurement conditions 

a) The tube measured shall be operated under the conditions spcified 
in detail specification. 

b) Heater voltage shall be controlled within 1 percent of the value 
specified. 

c) Preheat by applying the specified heater voltage used for the 
measurement for not less than 5 minutes. 

d) Life-tested tubes shall not be subjected to any other electrical 
measurements between the end of the life test and interface test. 

e) When testing multisection tubes, the opposite sections may be 
grounded, cutoff, or floating. 

f ) If the anode current specified in detail specification cannot be 
obtained on an individual tube, the interface measurement shall 
be made at zero bias. 

4.25.1.2 The tubes shall be operated for 500 hours with 110 percent 
of normal heater voltage applied and with other electrodes disconnected. 
The tubes shall then be measured for cathode interface impedance. The 
readings of cathode interface resistance shall not exceed the specified life- 
test final measurements. This is a destructive test, 

4.25.L3 Impedance test 

a) Equipment — Interface impedance may be measured by any equip- 
ment capable of meeting the calibration requirements specified 
below. The equipment shall be capable of measuring the calibra- 
tion network to within ±15 percent of the /?i value given in the 
calibration network of Fig. 41. 

b) Calibration — Calibration shall be performed by connecting the 
calibration networks in series with the cathode of an interface 
free tube operated at a maximum of 2 500 micromhos transconduc- 
tance. Any tube type, capable of the specified transconductance, 
is satisfactory of this calibration. The calibration procedure need 
be performed using only one tube type. 
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c) To determine whether the calibration tube is interface free, use 
is made of the temperature sensitive characteristics of the inter- 
face resistance. With the caHbration network in scries with the 
cathode of the tube, interface resistance is measured at 20 percent 
lower than rated heater vohage and at 20 percent higher than 
rated heater voltage. If the difference between the two readings 
is less than 10 percent, the tube shall be accepted for use as an 
interface-frce tube. 
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(Resistors shall be non-inductive deposited carbon 
film type of 1-percent accuracy) 

Fig . 41 Interface Networks 

4.25*2 Heater-cycling Life 

4.25/2.1 A complete cycle is made in a 2-minute period as follows: 

1 minute 'on', 1 minute *off', duration of the cycling test shall be 

2 000 cycles. The heater-voltage supply shall have a regulation of not 
more than 3 percent ( no load to steady-state load ). Heater-cathode 
voltage shall remain on continuously. Any tube which shows an open 
heater open-cathode circuit, heater cathode short, or fails to meet any 
specified life-test final measurements for this test prior to the completion 
of the cycling test shall be considered a defective tube. A leakage dc 
current in excess of 0*5 mA between the heater and the cathode shall be 
considered a heater-cathode short. Sampling shall be as specified. This is 
a destructive test. 

4.25.2.2 Electrical or nxechanical defectives may be used for this test 
except for the following: 

a) Tubes shall be within initial limits for heater or filament current. 

b) Tubes shall meet the post-heater-cycling acceptance criteria, 
4.25.3 Intermittent Life 

4.25.3.1 When intermittent life-test is performed, the tubes shall be 
operated under the specified test conditions with thq filament or heater 
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supply interrupted periodically. There shall be 12 to 25 uniform cycles, 
totalling approximately 20 hours of ' on ' operation each 24 hours. The 
filament or heater supply shall be applied and removed instantaneously. 
Other potentials may be applied continuously, at the option of the manu- 
facturer. The accumulation of the * on ' time shall be the time considered 
in determining compliance with the minimum specified time value. The 
filament or heater-supply impedance shall not exceed 10 percent of the 
hot filament-load impedance. Warm up time, /t, when specified in the 
detail specification as a test condition for intermittent life-test, shall be 
adhered to at the beginning of each ' on ' period. This is a destructive 
test. 

4.25.3«2 Tube intermittent life-test procedure — Regular life-test shall be 
in effect initially and shall continue in effect until the eligibility criteria for 
the reduced-hours life-test have been met. Sampling shall be as specified. 
This is a destructive test. 

Regular Life Test 

a) Regular life test shall be conducted for 1 000 hours. 

b) Regular life test acceptance shall be on the basis of the specified 
500 and 1 000 hour life test final measurements. 

Reduced-hours Life Test 

a) Eligibility for reduced-hours life tests is established when no first 
sample failure due to the regular 1 000 hours life test has occurred 
in the preceding 3 consecutive lots. 

b) Reduced-hours life test shall be conducted for 500 hours and 
acceptance shall be based on the 500 hour life test final measure- 
ments. Two 500 hour life test lot failures occurring in the last 
3 consecutive lots shall result in loss of eligibility for reduced- 
hours life testing. 

c) The life-test sample from the first lot accepted each month shall 
continue on life test for an additional 500 hours ( I 000 hours total 
life test time ). Failure of this sample to meet the 1 000 hour life 
test final measurements shall result in loss of eligibility for reduced- 
hours testing. 

The life-test sample shall be read at the following times: 

hours 
+ 48 hours 
500 

— 24 hours 
+ 48 hours 

1 000 ( when in force ) 

— 24 hours 
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Additional reading period may be used at the discretion of the manu- 
facturer. 

4.25.4 Stability Life 

4.25.4.1 The purpose of this test is to determine the stability of 
specified characteristics during early life, 

4.25.4.2 This is a test of 2 to 20 hour duration, under specified condi- 
tions, preceded and followed by measurements of one or more specified 
characteristics, and with maximum percentage characteristics changes 
specified for individual tubes. The AQL and sample size shall be as specified. 

4.25.4.3 Procedure 

a) Serially number all the tubes of the sample. 

b) Record the specified characteristic measurements on the entire 
sample after maximum operation of 15 minutes under specified 
voltage and current conditions. 

c) The regular stability-life test sample shall be operated at the 
specified stability-life-test conditions, or equivalent, for 20 ± 4 
hours with an intermediate down-period reading point at 2 hours 
± 30 minutes ( Intermittent or continuous operation may be 
employed ). The regular stability life test shall be in effect 
initially and shall continue in effect until the eligibility criteria 
for the reduced-hours stability life test have been met. 

d) Reduced-hours stability-life-test, 

i) Eligibility for reduced-hours stability-life test shall be as 
follows: No lot failure due to the regular stability-life has 
occurred in the preceding 5 consecutive lots. 

ii) Reduced-hours stability-life test shall be conducted for 2 
hours ± 30 minutes. Acceptance shall be based on the 
stability-life test final measurement. One lot failing the 
reduced-hours stability-life test shall result in loss of eligibi- 
lity for the reduced hours stability-life test. 

iii) The stability-life test sample from the first lot accepted each 
month shall continue on stability-life test to the 20 ± 4 hours 
duration. Failure of this sample to meet the regular stability- 
life test final measurement shall result in loss of eligibility for 
the reduced-hours stability-life test. 
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iv) Life-test conditions shall be conducted as specified except 
that the mean electrode potentials ( except heater or fila- 
ment ) may be established at values differing by not more than 
5 percent from the specified values, provided the same average 
electrode dissipations are obtained that occur with the speci- 
fied voltages. Fluctuations of all voltages, including heater 
or filament voltage, shall be as small as practicable. 

v) Measurements of the specified characteristics at the specified 
reading periods are recorded. The measurements shall be 
taken immediately following the specified reading periods, or 
the tubes shall be preheated for a maximum of 15 minutes 
under specified voltage and current cond itions and the 
characteristics immediately Pleasured following the specified 
reading periods. 

4*25.5 Survival Rate-Life 

4.25.5.1 The purpose of this test is to check the maintenance of 
quality level in terms of early life survival. 

4«25.5.2 Procedure 

a) Samples are selected as specified. 

b) Tubes are tested at 100 hours for short and discontinuity detec- 
tion. When any tap-short indication is obtained, the test, shall 
be repeated. When any tap shorts are again obtained, the tube 
shall be rejected as inoperable. 

c) The number of tubes defective at the 100-hour period is deter- 
mined. 

d) If more than the allowable number of defectives occur, the lot 
shall be rejected. 

4.25.5.3 Equivalent-conditions — For survival-rate life test, the equi- 
valent stability-life test conditions shall be interpreted as having the 
same heater voltage ( Vf ) and the heater cathode voltage ( Fht ) as the 
stability life test; and the same interruption rate as the intermittent life 
test. The electrode voltages shall be such that the element dissipations 
are not less than 80 percent nor more than 100 percent of stability-life 
test anode dissipation. These voltages shall be maintained within the 
limits of 50 percent minimum and 200 percent maximum of specified 
voltages. 
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APPENDIX A 

[Clause 20.3.1 (c) ] 

SHORT-CIRCUIT INDICATOR 

A-l» A single stage of a typical thyratron-controlled indicator which may 
be inserted between each pair of elements in a tube for the purpose of 
indicating short-circuits is shown in Fig. 42, 




O-OIUF 



A + B To elements of tube to which shock is applied 

C To following stage 

D To preceding stage 

S Reset switch 

R Potentiometer for adjusting sensitivity 

Fig. 42 Short Circuit Indicator 

A-2. A typical setting of this indicator is when the potentiometer R is 
adjusted to indicate a short-circuit with a 50 000 ohms resistor connected 
across the terminals A and B and to give no indication with 75 000 ohms 
connected across A and B. 
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INDIAN STANDARDS 

ON 

ELECTRON TUBES 

IS: 

1885 ( Part IV/Sec 1 )-1973 Electrotechnical vocabulary: Part IV Electron Tubes, 

Section 1 Common terms {first revision ) 
1885 ( Part IV/Sec 2 )-1973 Electrotechnical vocabulary: Part IV Electron tubes, 

Section 2 X-ray tubes [first revision ) 
1885 ( Part IV/Sec 3 )-I970 Electrotechnical vocabulary: Part IV Electron tubes. 

Section 3 Mircowave tubes 
1885 ( Part IV/Sec 4 )-1970 Electrotechnical vocabulary: Part IV Electron tubes. 

Section 4r Cathode-ray tubes 
1885 ( Part IV/Sec 5 )-1972 Electrotechnical vocabulary: Part IV Electron tubes. 

Section 5 Pulse terms 
1885 ( Part IV/Sec 6 )-1972 Electrotechnical vocabulary: Part IV Electron tubes, 

Section 6 Noise in microwave tubes 
1885 ( Part IV/Sec 7 )-1973 Electrotechnical vocabulary: Part IV Electron tubes. 

Section 7 Camera tubes 
1885 ( Part IV/Sec 8 )-1973 Electrotechnical vocabulary: Part IV Electron tubes, 

Section 8 Photosensitive devices 
2032 ( Part IX )-1969 Graphical symbols used in electrotechnology: Part IX Electron 

tubes ( other than microwave tubes ) 
2032 ( Part Xlil )-1971 Graphical symbols used in electrotechnology: Part XIII 

Microwave tubes 
2597 ( Part I )-1964 Code of practice for the use of electron tubes: Part I Commercial 

receiving tubes 
2597 ( Part II )-l967 Code of practice for the use of electron tubes: Part II Special 

quality receiving tubes 
2597 ( Part III )-1969 Code of practice for the use of electron tubes: Part III Trans- 
mitting and industrial tubes 
2597 ( Part IV )-1970 Code of practice for the use of electron tubes: Part IV Cathode- 
ray tubes 
2597 ( Part V )-1971 Code of practice for the use of electron tubes: Part V Rectifiers 

and thyratrons 
2684 ( Part I )-1972 Dimensions of electron tubes: Part I Miniature * 9-pin type ' {first 

revision ) . 

2684 ( Part II )-l972 Dimensions of electron tubes: Part II Miniature * 7-pin type ' 

(first revision ) 
2684 ( Part III) -1971 Dimensions of electron tubes: Part III Octal base type 
2684 { Part IV )-1971 Dimensions of electron tubes: Part IV Magnoval base type 
2684 ( Part V )-1972 Dimensions of electron tubes: Part V Local base type 
3154-1965 Specification for X-ray tubes, diagnostic type 
4096-1973 Method of measurement of optical focal spot size of X-ray tubes {first 

revision ) 
4147-1981 Method of measurements on conventional receiving electron tubes (first 

revisivn ) 
4579-1968^ Method of measurements on television picture tubes 
4697-1968 Method of measurements on Geiger Muller counter tubes 
5323-1969 Letter symbols and abbreviations for electron tubes 
5627-1970 Methods of measurements on cathode-ray display tubes 
5840 { Part I )-1970 Dimensions of cathode-ray tubes: Part I Tube outlines 
5840 ( Part II )-l970 Dimensions of cathode-ray tubes: Part II Base type 
5840 ( Part III )-1970 Dimensions of cathode-ray tubes: Part III EHT Terminals 
6134 ( Part I )-1978 Methods of measurements on microwave tubes: Part I Common 

to all microwave tubes 



IS: 

6134 ( Part II )-1973 Methods of measurement on microwave tubes: i'art ll Oscilator 
tubes 

6134 ( Part III )-1973 Methods of measurement on microwave tubes: Part III Ampli- 
fier tubes 

6134 ( Part IV )-1977 Methods of measurement on microwave tubes: Part IV 
Magnetrons 

6134 ( Part V )-1980 Methods of measurement on microwave tubes: Part V Parasitic 
noise 

6134 ( VI )-1981 Methods of measurement of electrical characteristics of microwave 
tubes: Part VI Low-power oscillator klystrons 

6134 ( Part VII )-1981 Methods of measurement of electrical characteristics of micro- 
wave tubes: Part VII High-power JtJystrons 

6134 ( Part VIII )-1981 Methods of measurement of electrical characteristics of micro- 
wave tubes: Part VIII Gas-filled microwave switching devices 

6134 ( Part IX )-1981 Methods of measurement of electrical characterics of microwave 
tubes: Part IX Backward-wave oscillator tube — * * type 

6134 ( Part X )-1981 Methods of measurement of electrical characteristics of micro- 
wave tubes: Part X Crossed-field amplifier tubes 

6136-1971 Basic requirements for cathode-ray tubes 

6214-1971 Phosphors for cathode-ray tubes 

6567-1972 Radiation protection for an X-ray tube in a protective tube-housing, oper- 
ating between 10 kV and 400 kV 

6568-1972 Implosion protection for TV picture tubes 

6576-1972 Methods of measurements on gas-fiUed cold cathode indicator tubes 

6577-1972 Methods of measurements on gas-filled cold cathode voltage stabilizing and 
voltage reference tubes 

6757-1972 Dimensions for high tension cable terminations for X-ray tubes 

6758-1972 Dimensions for high tension receptacles for X-ray tubes 

7012-1973 Specification for X-ray tube shield 

7144-1973 Methods of measurements on camera tubes 

7146 ( Part I )-1973 Methods of measurements on photosensitive devices: Part I Basic 
considerations 

7146 ( Part II )-1974 Methods of measurements on photosensitive devices: Part II 
Photo-tubes 

7146 ( Part HI )-1974 Methods of measurements^ on photosensitive devices: Part III 
Photoconductive cells for use in the visible spectrum 

7146 (Part IV )-1974 Methods of measurements on photosensitive devices: Pait iV 
Photomultipliers 

8319 ( Part I )-1977 Dimensions of indicator tubes: Part I Tube type 1 

8319 ( Part II )-1977 Dimensions of indicator tubes: Part 11 Tube type 2 

8319 ( Part III )-1973 Dimensions of indicator tubes: Part III Tube type 3 

8319 ( Part IV )-1979 Dimensions of indicator tubes: Part IV Tube type 4 

8441-1977 Methods of measurements on incidental X-radiation from electron tubes 

9383 ( Part I )-1979 Dimensions of sign indicator tubes: Part I Tube type 1 

9383 ( Part 11 )-1979 Dimensions of sign indicator tubes: Part II Tube type 2 

9492-1980 Methods of measurement of RF/microwave leakage from integral circuit 
electron tubes 
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